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TO  THE 

RI  <§H  T  HONOURABLE, 

JOHN, 

Earl  of  Bridgwater,  V ifcount  Brackley, 
Baron  Ellef  more  ;  One  of  the  Lords 
of  His  Majefties  moft  Honourable 
Privie  Council,  and  Lord  Lieutenant 
of  the  County  of  Buckingham. 


My  Lord, 

Hefe  Works  of  the  Learned  Gunter,  do 
naturally  and  of  right ,  addrefs  them - 
fives  to  your  Honours  Patronage :  ha¬ 
ving  been  originally  lnfignalizyd  'frith 
the  Titles  of  your  Renowned  Anceftors , 
under  whom  (  near  Fifty  years  fince ) 
they  received  their  firfl  Life :  So  that  they  feem  to  be  hi*  * 
tailed  on  your  llluflrious  Family.  Effeciatty  ^  confidering 
the  Me  World  owns  your  Lordjhip •  no  lefs  Heir  to  your 
Mcefters  ref  Undent  Demeans ,  then  of  their  love  to  No- 
lie  Arts,  amongtt  which  thofe  of  the  Sddathematicks ,  is 
none  of  the  meaneflyou  are  Mafler  of.. 


The  Epiftle  J3a*|§^ 

My  Lor d,  The  World  taking  example  by  fo  good  a  Com * 
mendum  has  encouraged  this  Work  to  this  Fifth  Edition. 
But  it  having  mtt  'frith  the  ill  ufage  in  former  Jmprefii- 
ons  to  have  contrasted  Jeveral  Typographical  Sphalmata 
"tohich  did  foment  hat  disfigure  its  beauty  t  I  thought  it 
requisite  to  befloW  fome  pains  in  their  removal ;  as  alfo  to 
furnifh  it  With  the  attendance  of  fome  compleat  TraSis  of 
Mr.  Samuel  Fofter  our  Learned  Authors  Succeffor  in  his 
JJlronomical  Profefiion  in  Grefliam  CoUedge  :  What 
other  additions  1  have  made  to  the  Work,  in  fever  al  places 
which  are  not  only  pertinent ,  but  neceffary,  the  Reader 
is  acquainted  with  in  the  Preface .  My  Lord ,  This  Work 
being  arrived  to  this  ftate  of  PerfeShion,  pleads  for  a  bolder 
accefs  to  your  Honours  hands  s  and  makes  it  humbly  con¬ 
fident  to  find  your  Honour  no  left  favourable  to  it,  now 
grown  up ,  than  your  Predeceffors  have  been  to  its  in¬ 
fancy.  My  Lord,  1  have  derived,  ItkeWife ,  hence  fome 
I hare  of  that  humble  confidence ,  that  your  Honour  WiU 
pardon  this  preemption,  of  my  fnbfcribing  my  felf. 

My  Lord, 

Your  Lordfhips  moft  obliged 
and  obfequious  Servant, 

William  Leybourn. 
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WILLIAM  LEY'BOU^N 

TO  THE 

READER. 

['  Am  far  from  the  vanity  of  defiring  to 
have  ic  thought,that  I  prefix  my  Name 
as  a  Bufh  or  garland  to  invite  any  to 
to  the  Pur  chafing  of  this  Book  s  The 
_  _  _  Learned  Authors  Authority  is  more 

than  1  or  any  other  can  fay  for  it,  and  the  number 
of  Imprefiions  that  have  been  fo  welcomed  by  the 
Publick  is  a  fufficient  Teftimony  of  its  good  acceptance 
in  the  World,  for  indeed,  of  all  the  Mathematical  'Books 
yet  extant,  I  know  not  one  more  full  of  Variety  of 
matter,  nor  more  PraHical  than  this  is. 

All  that  I  defign  in  this  Preface  is  an  Jpology  for 
my  felf,  to  ask  pardon  of  the  more  knowing  Mathe¬ 
matician,  for  my  confidence  in  prefuming  to  pother 
any  of  my  mean  and  "freak  Performances  under  the  Ca¬ 
nopy  of  fo  profound  a  Mafl  er  of  Mathematical  Learning 
as  this  our  Juthor  was.  But  to  fuch  as  (hall  be 
offended  therewith  (  as,  I  hope,  none  juftly  can )  let 
me  fay  thus  much  for  my  felf : 
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t .  I  am  not  the  firft  that  (  with  good  fuccefs  )  have 
attempted  the  like. 

2.  In  what  I  have  done  in  this  Work,  I  have  not 
diminifhed  or  expunged  one  Syllable  of  the  learned 
Authors,  but  retained  his  own  Method ,  and  the  feveral 
Examples  throughout  the  IBook  1  have  carefully  exami¬ 
ned,  and  where  I  found  any  Typographical  Error,  I 
made  bold  to  corrett  it,  for  which,!  prefume,! defer  ve 
rather  Thanks  than  Blame. 

3 .  That  whatfoever  herein  I  have  attempted  to 
inject,  is  nothing  but  what  is  ablolutely  pertinent  to 
our  Authors  Works,  and  renders  his  Inflruments  to 
young  Tyroes  in  thefe  Sciences  more  ufeful  than  they 
could  otherwife  imagine. 

4.  In  what  part  of  this  Book  foeverl  hive  added 

any  thing,  I  have  done  the  Author  this  right,  for  in  the 
Contents  before  the  Book,  relating  to  the  Page 
wherein  any  Inferfion  of  mine  is,  I  have  before  it 
placed  the  figure  of  a  hand  pointing  thus  So  that 
if  I  have  done  any  thing,  misbecoming  an  jirtijl,  the 
Author  may  not  be  charged  with  it,  but  my  felf  juftly 
blamed.  '  , 

And  although,  there  are  here  and  there  fome  hints 
of  things  in  feveral  places  of  the  Book  of  mine  in¬ 
fected,  yet  the  principal  are  thefe,  vi^. 

i.  In  the  S  E  C  T  O  R,  where  (  after  our  Juthor 

hath 
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hath  treated  of  Projecting  of  the  Sphere  in  Plano  upon 
all  the  principal  Spherical  Qrcles  )  I  have  added  one 
other  Projection  upon  an  Oblique  Qrcle,  wherein  ( if 
I  deceive  not  ray  felf  )  l  have  given  more  light  to  Pro¬ 
jection  in  Plano  $  han  is  yet  extant  in  our  MotberTongue.: 
for  out  of  this  Oblique  Projection  maybe  demonftra- 
ted  the  whole  Jrt  of  Dialling,  and  in  fome  meafure  it 
is  there  effected. 

2.  In  the  CR  O  S  S-S  T  A  F  F  (after our  Author 
hath  treated  of  the  > HMen/urationoi  Plain  Regular  Su¬ 
perficies  )  I  have  inferted  the  Mensuration  of  fuch  as 
are  not  Uniform ,  as  alfo  of  Multangular! ,  (Regular 
Poligons,  &c.  And  (after  his  Menfuration  of  Regular 
fquared  Solids  )  I  have  added  the  dMenfuration  of 
Pri/mes ,  Pyramids,  and  (fonts ,  both  whole  and  dijjeCled. 
And  with  thefe  and  fuch  like  neceffary  matters,  I  have 
in  feveral  other  places  fupplied  a  Vacancy. 

To  the  lecond  appendix,  which  is  the  ufe  of  a 
Quadrant,  of  Mr.  Samuel  Fofters  Invention,  Printed 
with  the  former  Edition  of  thele  our  Juthors  Works , 
I  have  altered  nothing,but  have  added  the  (onflruCli- 
on  of  the  fame  Quadrant  formerly  wholly  omitted. 
And  in  his  alteration  of  the  S  E  C  T  O  R,  I  have  cor¬ 
rected  fome  Overfights,  and  miftakes,  which  were  in 
the  former  Edition  (  that  being  Printed  by  a  Copy 
Ids  Correct )  by  the  help  of  Mr.  Pojlers  own  Manu> 

(a  O  ftipt. 
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jcript,  which  I  was  accommodated  with  from  the 
worthy  Dr  .John  lUtnfden ,  a  mod  induftrious  Mathe¬ 
matician,  and  a  worthy  honourer  of  the  Learned 
Mr  F  after,  to  whom  (not  only  my  felf,  but)  the 
whole  World  in  general  is  engaged  for  his  care  and 
pains  in  the  Publication  of  divers  of  Mr.  Foflers 
Works  with  feveral  of  his  oft>n  both  in  Latine  and  Eng * 
lifh  in  a  Book  Entitulcd  SPUfcellanies ,  or  Mathematical 
Lucubrations  of  Mr.  Samuel  Fofter. 

Having  thus  far  declared  my  felf,  and  endeavoured 
to  take  off  fuch  afperfions  as  might  poflibiy  have  been 
thrown  upon  me ;  Give  me  leav.e  (  for  the  Dead 
cannot  plead  for  themlelves )  to  take  notice  of  fome 
(plagiaries  and  PurL'mers  of  other  mens  Labours  and 
Ingenuities,  who  out  of  Lucre  to  themfelves,  and  Emu¬ 
lation  to  others  of  better  parts,  have  lately  thrown  in¬ 
to  the  World  (  to  the  grand  abute  thereof )  feveral 
trivial  T raSlates,  extracted  (  or  rather  tranferibed  ) 
both  from  our  Author,  and  alfo  from  the  Works  and 
Manujcripts  of  the  fore-mentioned  Mr.  Fofter,  our 
Authors  Succeffor  in  the  Aflronomical  Profefion  in  Gre~ 
fham  Colled^e, London,  Publishing  them  to  the  World 
in  their  own  names,  without  taking  the  leaft  notice 
of  the  learned  Authors,  whence  they  originally  filtcht 
thofe  ornaments  wherewith  they  pride  themfelves  in 
their  feveral  Pamphlets,  not  fo  much  as  mentioning 

their 
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their  names  with  any  duerelpedt.  I  need  not  tell  thee 
who  they  be,  Their  own  Impertinencies  having 
made  them  notorious  enough ;  for  fome  of  them 
( rather  than  they  will  want  applaufe  )  become  their 
own  Encomiafters ,  founding  their  own  Trumpets  be¬ 
fore  their  'Books,  both  in  Englifh ,  Greek,  and  Latine. 
But  leaving  theie  to  the  juft  cenfure  of  all  that  fhall 
take  due  notice  of  them,  give  me  leave  to  commend 
thee  to  the  perufal  of  theie  Works  of  our  Judicious 
Authors,  in  the  Ufe  and  Brattice  whereof  (  as  in  all 
other  thy  honeft  Attempts  and  Endeavours )  t  wifh  thee 
good  fuccefs,  and  fo  for  this  time  bid  thee 

FareWel, 


ylpril  1  8. 
1 67 ;  • 


Arts  and  Sciences  M  A  t  h  e  m  a  t  i  cal 

Profefled  and  Taught  by  William  Ley  bourn. 
irttljmeficfe, 


®eomettp : 
aflronom?: 


The  Ufe  of 


In  Whole  Numbers,  and  Fractions. 

In  Decimals,  and  by  Logarithms. 

Inftrumentally,  by  Decimal  Scales,  Napiers  Bones:  and  t® 
extra#  the  Square  and  Cube  Roots  by  Infpe#ion. 

The  Principles  thereof  5  ^ra(^]ce> 

with  the  1  *nd  -  .  . 

\C  Demonltration.  ' 

The  Defcription  of  the  Circles  of  the  Sphere. 

5  Celeftial,  and 

The.lKe  of  the  Globes,  Terreftrial. 

To  projeft  the  Sphere  in  Plano  upon  any  Circle, ^ 

And  upon  thefe  Foundations  the  following  Superftrudf ures. 

r  Heights, 

’"Longtmetria,  or  the  j  Depths. 

Menfuration  of  S 

£  Distances, 

it  «  |  f  Board, 

C)£OtTtCtTlCAl  I  Plano, metridj  ortheYGlafs, 

3{nftrunientS,  ^  Menfuration  of  Spavement, 

in  the  &Tiiing,«^  _  , 

.  £  Timber,  growing  or  fquared. 

St^reorntna,  or  the  \  gtGne  regUlar  or  irregular. 

Menfuration  of  £  commonly  called  Gauging. 

l^Geodcefia, or  the  Meafuring  of  Land  divers  ways,  and  by  feveral 
"  Inftruments ;  to  draw  the  Plot  of  a  whole  Mannor  or  Lord-, 
fhip  i  to  caft  up  the  Content  thereof;  and  to  beautifie  the 
fame  with  all  neceffary  Ornaments  thereunto  belonging. 

Or,  the  Menfuration  of  Triangles,  both^  gp^ericaL 

^Geometry. 

W  Aftronomy. 

The  Application  thereof,  in  the  folution  ^Geography, 
of  Problems  in  ^Navigation. 

^Fortification. 
Dialling,^. 

_.  ^  .  .  .  ,  r  j  l  The  Plain  Sea-Chart. 

The  Principles  thereof,  and  the ^ rwwf.s  Chart. 

manner  of  Sailing  by  £  The  Arch  of  a  great  Circlet 

Sines. 


Trees,  Towers,  &c. 
Mines,  Wells,  De- 
feents,  c fs>c. 

Churches,,Towers;^r‘c. 


-Or  any  other  Superficies. 


Pra&ice  of 


ULrigoiiometrfa : 


Babigation : 


^o?ol08tcgrapl)ia 

Or 

SDiaUing : 


Arithmetically ,  by  the  Tables  of-^  Tangents. 

Logarithms. 


Geometrically >  by^  ^’pa^s. 

Inftrumentally ,  by  the  Se#or,Quad'pants;Scales,and  other  Xn< 
ftruments,  accommodated  with  Lines  for  that  purpofe. 

You  may  hear  of  him  at  Mx.  Hayes’s  at  the  Crofs-daggcrs  in  Moor-fields . 
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The  Firft  Book  of  the  Se&or. 


CHAP.  I. 


THe  defcriptioriy  makings  and  general  ufe  of  the  Se&or  Page  i 

Chap.  a.  The  ufe  of  the  Scale  of  Lines  1 7 

To  fet  down  a  Line  refemhling  any  given  partsy  or  fraBion  of  parts 

Ibid, 

To  increafe 5  or  diminifh  a  Line  in  a  given  proportion  I 8 

To  divide  a  Line  into  parts  given  Ibid. 

To  find  a  proportion  between  two  or  more  right  Lines  given  J  9 

Two  Lines  being  giveny  to  find  a  third  in  continual  proportion  4  20 

Three  Lines  being  giveny  to  find  a  fourth  in  difcontinual  proportion  2 1 

Tb  divide  a  Line  in  finch  fort ,  as  another  Line  is  before  divided  22 

Two  Numbers  being  given y  to  find  a  third  in  continual  proportion  23 

Three  Numbers  being  givent  to  find  a  fourth  in  dificontinual  proportion  24 
Chap.  3.  The  ufe  of  the  Lines  of  Superficies  1.  To  find  a  proportion  between 
two  or  more  like  Superficies  26 

To  augment ,  or  diminifh  a  Superficies  in  a  given  proportion  Ibid. 

To  add  one  like  Superficies  to  another .  To  fubtraB  one  like  Superficies  from 
another  27 

To  find  a  mean  proportional  between  two  L  ines  given  28 

7  make  a  S  quare  equal' to  a  Superficies  given  Ibid. 


To  find  a  proportion  between  Superficies ,  though  they  be  unlike  one  to  another 

29 
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To  ma\e  a  Superficies  like  to  one  Superficies,  and  equal  to  another  Ibid, 
:  To  find  a  mean  Proportional  between  two  Numbers  given  Jo 

To  find  the  fquare  root  of  a  Number  5  the  root  being  giveny  to  find  the  fquare 
Number  of  that  root  3 1 

Three  Tfuwbers  being  given,  to  find  a  fourth  in  a  duplicated  proportion 

.  f  .  .32 

fl^*  To  defcribe  a  Parabola  by  help  of  the  Line  of  Lines  and  Superficies 

35 

Chap.  4.  The  ufe  of  the  Lines  of  Solids .  To  find  a  proportion  between  twoyor 
more  like  Solids  3  6 

To  augment ,  or  diwinifh  a  Solid ,  in  a  given  proportion  3  y 

To  add  one  like  Solid  to  another,  Tofubtrabl  one  like  Solid  from  another 

'  Ibid. 

To  find  two  mean  proportional  Lines  between  two  extreme  Lines  given 

-  "  38 

To  find  the  li\e  Number  between  two  Numbers  J  9 

To  find  the  Cubic  k^  Yoot  of  a  Number,  40 

Three  Timbers  being  giveny  to  find  the  fourth  in  a  triplicated  proportion 

41 
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The  Contents  of  the  fecond  Book  of  the  SeBorl 

Chap  ,1.  the  nature  of  Sines ,  Chordsy  Tangents ,  and  Secants 

U  Page  4? 

Chap.2.  7  he  general  ufe  of  Sines  and  tangents  46 

The  Radius  being  known ,  to  find  the  right  S  ine  of  any  Ark.  or  Angle  I  b  id. 

The  right  Sine  of  any  Ark^being  given ,  to  find  the  Radim  4  y 

The  Radius  of  a  Circle *  or  the  right  Sine  of  any  Ark  given,  and  a  fright 
Line  refmbling  a  Siney  to  find  the  quantity  of  that  unknown  Sjne 

Ibid. 

The  Radius ,  or  any  right  Sine  given ,  to  find  the  verfed  Sine  of  any  Ar  ^ 

4S 

Having  the  Diameter,  or  Semidiameter of  a  Circle,  to  find  the  Chords  of 

every  A?  k  ^  Ibir. 

Having  two  right  Lines  refembling  the  Chords ,  and  verfed  Sine ,  to  find  the 
Diameter  and  Radius 

The  Chord  of  any  Arkfcing  given,  to  find  the  Diameter  and  Radius  5  t 

Having 
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c  ' 

Havhg  the ‘Diameters  of  an  EUipfis ,  to  defer  ibe  the  fame  upon  a  'Plans 

$2, 

To  open  the  Setter  to  any  Angle ,  or  the  Setter  being  opened ,  to  find  the  quan¬ 


tity  of  the  Angle  54 

To  find  the  quantity  of  any  Angle  given  5  j 

Vpon  a  right  Line,  and  a  point  given  in  it,  to  make  an  Angle  equal  to  any 
Angle  given  56 

To  divide  the  Circumference  of  a  Circle  into  parts  given  Jbid. 

To  divide  a  right  Line  by  extreme  and  mean  proportion  57 

Chap.  3.  Of  the  Projection  of  the  Sphere  in  piano  58 

With  a  Notturnal  to  jhew  the  hour  of  the  night  64 

U3  The  ufe  of  the  Horizontal  Projettion  in  Dialling  7 1 

fljf*  To  Projett  the  Sphere  upon  Oblique  C ircles  7  2 

Chap.  4.  of  the  refolution  of  right  Line  Triangles  76 

Chap.  5.  Of  the  refolution  of  Spherical  Triangles ,  in  28  cafes  85 

Chap.  6.  Of  the  ufe  of  the  Meridian  Line.  To  divide  a  Sea-chart  after 
Mercators  Projettion,  with  a  Table  to  that  purpofe  99 

To  find  how  many  Leagues  anfwerto  one  degree  of  Longitude  in  every  feveral 
Latitude  1 1 1 

To  find  how  many  Leagues  anf  wer  to  one  degree  of  Latitude,  in  every  feveral 
Rumb  '  113 

By  one  Latitude,  Rumb,  and  difiance ,  to  find  the  difference  of  Latitudes 

' :  -  ’  ■ 


By  the  Rumb  and  both  Latitudes,  to  find  the  difiance  upon  the  Rumb 

11 6 

By  the  di fiance  and  loth  Latitudes ,  to  find  the  Rumb  1 20 

By  the  Longitude  and  Latitude  of  two  places ,  to  find  the  Rumb  I  2 1 

By  the  Kumb  and  both  Latitudes ,  to  find  the  difference  of  Longitudey  with 
feveral  Talks  to  this  purpofe,  which  may  a  fo  fervefor  drawing  off  the 
Rumb s  upon  any  Chart  or  Globe  ~  122 

By  the  difference  of  Longitude ,  Rumb ,  and  one  Latitude ,  to  find  the  other 
Latitude  v  1  S3 

By  one  Latitude,  Rumb,  and  dlflance,  to  find  the  difference  of  Longitude 

By  one  Latitude ,  Rumb,  and  Difference  of  Longitude,  to  find  the  difiance 

135 

By  one  Latitude ,  difiance,  and  difference  of  Longitude,  to  fi  J  the  Rumb 
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'Ey  the  Longitude  and  Latitude  of  two  place i,  to  find  their  di fiance  upon  the 
Rumb  137 

By  the  Latitude  of  two  places,  and  the  difiance ,  to  find  the  difference  §f  Lon¬ 
gitude  1 3  8 

By  one  Latitude,  difiance,  and  difference  of  Longitudes, to  find  the  differences 
tf  Latitudes  -  13  9 


The  Contents  of  the  third  Book  of  the  Setter. 

chap.  the  Lines  of  quadrature :  To  make  a  Square  equal  to  4 

V-/  Circle ,  or  a  Circle  equal  to  a  S quare  Page  1 41 

To  reduce  a  Circle  or  a  Square  into  an  equal  Pentagon ,  or  other  like  fided  and 
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W  Mere  as  the  whole  SuhjeB  of  the  following 
Treatifes  do  contain  the  ufe  of  Inflruments ,  and 
that  the  true  and  ex  aft  making  of  them  is  prin¬ 
cipally  to  he  minded  and  enquired  into,  I  thought  good  to 
gi\>e  notice ,  That  if  any  gentlemen  fludieus  in  the  Mar 
thematicks  have  or  (lull  have  occafionfor  any  Inftrument 
belonging  to  this  Book,  as  aljo  With  all  others  ufeful  both 
for  Sea  or  Land ,  they  may  be  furnifbed  either  in  Silver , 
lBrafs,or  Wood,  by  Walter  Hayes,  at  the  Crofs- daggers 
in  Moor- fields,  next  door  to  the  Pope’s-head  Tavern  • 
where  they  may  have  all  forts  of  Maps,  Globes, Sea  plats. 
Carpenters  Ovules,  Pofl  and  Pocket-Vials  for  any  Lati¬ 
tude, ,&c. 
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The  ‘Defiriptm ,  the  >  a»<f  the  Genenl  Vfe 
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SECTOR 

iU*Ai  - ,  n  • 

Sector  in  Geometry,  is  a  Figure  comprehended 
of  two  right  Lines  containing  an  Angie  at  the 
Center,  and  of  the  Circumference  affumed  by 
them.  This  Geometrical  Inftrument  having  two 
Legs,  conteining  all  variety  of  Angles,  ajicl  the 
diftance  of  the  Feet,  reprefenting  the  Subcenfes 
of  the  Circumference  ,  is  therefore  called  by  the 
..  . .  fame  name. 

It  contcineth  1 1 Teveral  Lines  or  Scales,  of  which  7  are  general,  the 
other  5  rnbre  particular.  The  firft  is  the  Scale  of  Line, divided  into  100 

equal  pairs,  and  numbred  by  1,  3,  4>  7 5  8, 9, 10. 

The  fccond,  the  Lines  of  Superficies,  divided  into  1 00  unequal  parts, 

and  numbred  by  1,  2,  5,4,  5,  6,  7,  8,  9,  10. 

5.  The  third,  the  Lines  of  Solids,  divided  into  1000  unequal  parts, 

and  numbred  by  I,  f,  1,  3,  4*  5*  ^5  7»  9>  IO* 

4.  The  fourth,  the  Lines  of  Sines  and  Chords,  divided  into  po  degrees, 

and  numbred  with  10, 3 0, 30  unto  90, 

B  Thefc 


/ .. 


/ 


1  L 


%  The  Ttefcripthn  of  the  Lines* 

Thefe  four  Lines,  of  Lines9  of  Suftrficiefi  of  Sdlidty&tid  of  Svtffy  arc 
all  drawn  from  the  Center  of  the  Seffor  dlmoff  to  the'  end  of  the  Legs. 
They  are  drawn  on  froth  the  Legs,  that  every  Line  may  have  his  fellow. 
All  of  them  arc  of  one  Length,  that  they  may  anfwer  one  to  the  other ; 
And  eveiy  one  hath  his  Parallel,  tha*  the  eye  may  the  better  diftrn- 
guidi  the  Divifions.  But  of  the  Parallels  thoie  only  which  are  inward- 
mod:  contcin  the  true  Divifions. 

There  are  three  o.her  general  Lines,  which  becaufe  they  are  infinite  are 
placed  on  the  Side  of  the  Sedo^.r  $  > :  -  y 

5.  The  fit  ft  a  Line  of  Tangents,  numbred  with  10,20,  50,40,50, 
60,  fignifying  fo  many  degrees  from  the  beginning  of  the  Lme,  of  which 
45  are  equal  to  the  whole  Lintfof  Sines,  the  reft  follow  as  the  length 
of. the  Senior  will  bear. 

6.  Thefecond,  a  Line  of  Secants,  divided  by  Pricks  into  60  degrees, 
ii  the  fame  with  that  of  the  Line  of  Tangents  to  which  it  is. joyned. 

7.  The  third  is  the  Meridian  Line,  or  Line  of  Rumbs,  divided  un* 
equally  into  degrees,  of  which  the  firft  70  are  almoft  equal  to  the 
whole  Line  of  Sines,  the  reft  follow  Unto  85,  according  to  the 
Length  of  the  Sedlor. 

Of  the  particular  RiftcS  irtferted  amtoiifg  the  general*  becaufe  there  was 

.  ,  *  '  *  ‘  (  »  :  »'*  ’  \  *  ts  A  •  -v 

void  fpace.  /  1  1  ‘ 

The  fitft  arc  the  Lines  of  Quadrature  placed  between  the  Lines  of 

Sines,  and  noted  with  io,  9,  8, 7,  S,  6,  J,  90*  Q^ 

9*  Thefecond,  die  Lines  of  Segments,  placed  between  the  Lines  of 
Sines  and  Superficies,  divided  into  50  parts,  and  numbred  with  5-,  6, 
7, 8,  9, 10. 

10.  The  third,  the  Lines  of  inferibed  bodies  in  the  fame  Sphere* 
placed  between  the  Scales  of  Lines ,  and  rioted  with  D,  S.  h  C. 

o.  r. 

i  r.  The  fourth,  the  Lines  of  Eouated  Bodies,  placed  between  the 
Lines  of  Lines  and  Solids,  and  noted  with  D;  /,  £,  S .  0*  T* 

12.  The  fifth,  are  the  Lines  of  Metals,  inferred  with  the  Lines  of 
Equated  Bodies,  (therfe  being  room  (ufficient)  and  noted  with  the  Cha* 
ratfters  0  5  h  >  5  cf  ¥ . 

There  remain  the  Edges  of  the  Se&or,  and  on  the  one  I  have  fet  at 
Line  of  Inches,  which  are  the  twelfth  parti  of  a  Foot  Englifki  on  the 
other  a  leffer  Line  of  Tangents  to  which  the  Gnomon  is  Radius* 

•f- 
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The  nuking  ef  the  Setter.  | 

t.  Of  the  m*k$ng  »f  the  SECT  O 

LEc  a.Ruler  be  firft  made  cither  of  Brafs  or  of  Wood  like  unto  the 
Figure  before  the  Book  annexed#  Which  may  open  and  Ihut 
upon  his  Center  :  the  Head  of  it  may  be  about  the  twelfth  part  of  the 
whole  Length#  that  it:may  bear  the  moveable  Foot,  and  yet  the  moft  part 
of  theDivifi.Qns  .tnay  fall  without  it.  Then  let  a  moveable  Gnomon  be 
fet  at  the  end  of  the  moveable  Foot,  and  there  turn  upon  an  Axh,  fo  as 
it  may  fometitnes  ftand  at  a  right  Angle  with. the  Feet  ;  and  fometimos 
be  inelofed  within  the  Feet#  But  this  is  well  known  to  the  Work-man. 

For  drawing  of  the  Lines.  Upon  the  Center  of  theScttor,  and  Se¬ 
midiameter  fomewhat  Shorter  than  one  of  the  Feet,  draw  an  occult  Ark 
of  a  Circle,  eroding  the  Clofureof  the  inward  Edge  of  the  Se$or,  about 
the  Letter  3T. 

In  this  Ark,  at  one  degree  on  either  Side  from  the  Edge*  draw  right 
Lines  from  the  Center,  [fitting  them  with  Parallels,  and  divide  them  into 
an  hundred  equal  parts,  with  Subdivifions  into  2,|>,or  10,  as  the  Line 
will  bear,  but  let  the  Numbers  fet  to  them,  be  only  1,  2,  5, 4,  &c,  unto 
IQ,  as  in  the  Example.  Thcfe  Lines  fo  divided,  I  call  the  Lines  or 
Scales  of  Lines;  and  they  arc  the  ground  of  all  the  reft. 

In  this  Ark,  at  5  degrees  on  either  Side,  from  the  Edge  near  T\  draw 
other  right  Lines  from  the  Center,  and  fit  them  with  Parallels:  thcfe 
(hall  ferve  for  die  Lines  of  Solids. 

Then  on  the  other  Side  of  the  Scflor,  in  like  manner,  upon  the  Cen¬ 
ter,  and  equal  Semidiameter,  draw  another  like  Ark  of  a  Circle  :  and 
here  again  at  one  degree  near  on  either  Side  from  the  Edge ,  near  the 
letter  Qj  draw  right  Lines  from  the  Center,  and  fit  them  with  Paral¬ 
lels  :  Tbefe  fhall  ferve  for  the  Lines  of  Sines. 

At  J  degrees,  on  either  Skkfrom  the  Edge  near  Qj  draw  other  right 
Lines  from  the  Center,  and  fit:  them  with  Parallels :  thefe  ihall  ferve 
for  the  Lines  of  Superficies. 

Thcfe  four  principal  Lines  being  drawn,  and  fitted  with  Parallels,  we 
may  draw  other  Lines  in  the  middle  between  the  Edges  and  the  Lines  of 
Lines,  which  fhall  ferve  for  the  Lines  of  Infcribed  Bodies,  and  others 
between  the  Edges  and  the  Sines  for  the  Lines  of  Quadrature.  And  fo 
the  reft  as  in  the  Example, 
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The  tDefcrl{tii»  ef  the  Lines. 

To  divide  the  Lines  of  Superficies,  ' 

\  *  ' 

Seeing  the  Superficies  do  hold  in  the  Proportion  of  their  '  homologf 
Sides  duplicated  by  the  29.  prop,  6. Lib.  Euclid .  IF  you  (Kail  find 
menu  Proportionals  between  the  whole  Side,  and  each  hundred  part  of 
the  like  Side,  by  the  x  5. Prop .  6. Lib.  Eyelid,  all  of  them  cutting  the 
lame  Line,  that  Line  fo  cue  Fhall  contain  the  Divifions  required  ;  where¬ 
fore  upon  the  Center  A,  and  Semidsameter  equal  to  the  Line  of  Lines 
deferibe  a  Semicircle  ACBD,  with  A  B  perpendicularto  the  Diameter 
C  D.  And  let  the  Semidiameier  A  D  be  divided  as  the  Line  of  Lines 
into  an  hundred  parts,  and  AE  the  one  half  of  AC  divided  alfo  into 
an  hundred  parts,  fo  fhall  the  Divifions  in  A  E  be  the  Centers  from 
whence  you  fhall  deferibe  the  Semicircles  C  10.  C  2c,  C  30.  &c.  divi¬ 
ding  the  Line  A  B  into  an  hundred  unequal  parts :  and  this  Line  A  B 
fo  divided  ihall  be  the  Line  of  Superficies,  andmuftbe  transferred  into 
the§e$or.  But  let  the  numbers  fee  to  them  be  only  1,1.  2.-3.  unto  10 
as  in  the  Example.  . 

Or  thefe  Lines  of  Superficies  may  otherwise  be  transferred  into  the 
Se&or,  our  of  the  Line  of  Lines,  by  a  Table  of  Square  Roots;  For  the 
Root  taken  out  of  the  Line  of  Line?,  fhall  give  the  Square  in  the  Lines 
of  Superficies. 

As,  to  inferibe  the  Divifionof  2  yin  the  Lines  of  Superficies;  put  fix 
Ciphers  to  25,  and  make  it  25000000,  then  find  the  Square  Root  of 
this  Number,  which  will  be  yoco. 

Take  therefore  5000  out  of  the  Line  of  Lines  (fuppofing  the  whole 
Line  to  be  10000)  and  it  will  give  the  true  Diftance  between  the  Center, 
and  the  points  of  2  y,  in  the  Lines  of  Superficies. 

So, for  the  Divifion  of  3 o,pur  to  30  fix  Ciphers, and  make  it  30000000, 
whole  Square  Root  is  5477.  This  (taken  out  of  the  Line  of  Lines)  fhall 
give  the  place  for  the  Points  of  30,  in  the  Lines  of  Superficies.  And  the 
likereafonhoideth  forallihe  reft,  according  to  this  following  Table. 

If  any  pleafe  to  make  life  of  a  Diagonal  Scale,  equal  to  the  Line  of 
lines,  he  may  put  eight  Ciphers  to  the  Number  propofed,  and  make  the 
Table  of  Roots  to  five  Places :  So,  his  work  will  be  more  exatt. 

A  TM  #/ Square  Roots/#-  the  Divifion  of  the  Lines  of  Superficies. 
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^  7Vf«*  of  Square  Mots  for  Divificn  of  the  Line  of  Superficies, 
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90 
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16 
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46 
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76 

8718 

91 
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2 
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*7 
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32 
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62 
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77 
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92 
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/ 

4183 
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■ 

9618 
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18 
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53 
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48 
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63 
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78 
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93 
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4. 

1871 
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4 
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19 
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34 
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7000 

64 
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79 

8888 

94 
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35 
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95 
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80 
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21 
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81 
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98 
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8559 

930 0 

I2i 

5464 

27 

3196 

42 

6481 

57 

7550 

72 

8485 

s? 

9327 

'  *  ■ 

I 

3536 

5244 

9519 

- 

7583 

8515 

93  54 

13 

3606 

28 

5:291 

43 

6557 

-  c„ 

7616 

* 

73 

8544 

88 

9381 

3674 

5338 

6595 

7648 

8573 

f 

9497 

H 

3  742 

29 
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The  Description  $f  the  Liner. 


4.  To  divide  the  Lines  of  Solids . 

•  1  ** 

SEcinglikc  Solids  do  hold  in  the  Proportion  of  their  homologal  Side* 
triplicated,  if  you  (hall  hnd  two  mean  Proportionals  between  the 
whole  Side  and  each  thoufandth  part  of  the  like  Side:  all  of  them  cut¬ 
ting  the  fame  two  right  Lines,  the  former  of  thofe  Lines  fo  cur,  fhali 
eontain  the  Divifions  required. 

Wherefore  upon  the  Center  A,  and  Semidiameter  equal  to  the  Line 
©£  Lines,  deferibea  Circle  and  divide  it  into  4  equal  parts  CE  BD, 
drawing  the  crofs- Diameters  C  B  E  D,  Then  divide  the  Semidiameter 
A  C,  fiift  into  10  equal  parts,  and  between  the  whole  Line  A  D  and 
A  F,  the  tenth  part  of  A  C*  feek  out  two  mean  Proportional  Lines 
A I  and  A  H  :  again  between  A  C  and  A  G  (  being  two  Tenths  of 
A  B  )  feek  out  two  mean  Proportionals  A  L  and  A  K  ,  and  fo  for¬ 
ward  in  the  reft.  So  fhallthe  Line  A  B,  be  divided  into  ie  unequal 
pares. 

Secondly,  divide  each  tenth  part  of  the  Line  A  C  into  10  more, 
and  between  the  whole  Line  A  D ,  and  each  of  them,  feek  out  two 
mean  Proportionals  as  before :  So  fliail  the  Line  A  B  be  divided  now 
into  an  hundred  unequal  ;parts» 

Tbiidly, 


Tht  ‘Deferiftitn  of  iht  tints* 

*»  " 


Thirdly,  if  the  Length  will  bearir,fubdivide  the  Line  AC  once  again, 
each  part  in  ten  more,  and  between  the  whole  Line  A  D,  and  each  Sub- 
divifion,  feek  two  mean  Proportionals  as  before.  So  fhall  the  Line  A  B 
be  how  divided  into  1000  parts.  But  the  Ruler  being  fhort,  it  {hall 
fuffice,  if  thofe  io  which  are  neareft  the  Center  be  expreffed,  the  reft  be 
underftood  to  be  fo  divided,  though  a&ually  they  be  divided  into  no 
more  than  5  or  2,  and  this  Line  A  B  fo  divided  fhall  be  the  Line 
of  Solids,  and  muft  be  transferred  into  the  Sector :  But  let  the  Num¬ 
bers,;  fee  to  them  be  only  1.  I.  1.  2,  3,  £ unto  10,  as  in  the 
Example. 

t  Oir 
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Or  thdfe  Lines  of  Solids  may  otherwufe  be  transferred  into  the  Se- 
^or,  out  of  the  Line  of  Lines  (or  rather,  out  of  a  Diagonal  Scale 
equal  to  the  Line  of  Lines)  by  a  Table  of  Cubique  Roots,  For  the 

Root  taken  out  of  the  Line  of  Lines,  fhail  give  the  Cube  in  the  Line 
of  Solids.  . 

As  toinfcribe  the  Divifion  of  125  in  the  Lines  of  Solids  ;  put  xii. 
Ciphers  to  125  ,  and  make  it  127000000000000;  Then  find  the 
Cubique  Root  of  the  Number,  which  will  be-  50000.  Take  therefore 
50000  out  of  the  Line  of  Lines;  (fuch  as  the  whole  Line  is  loqooo) 
end  it  will  give  the  true  Difhnce  between  the  Points  of  iV  hi  the 
Lines  of  Solids.  [  \ 

So,  for  the  Divifion  of  500,  put  to  300  xii.  Ciphers  nifpre)  andtriake 
it  300000000000000,  whofe  Cubique  Root  is  66943.  this,  taken 
out  of  the  Line  of  Lines,  (hall  give  the  place  for  the  points  pf  300  in  the 
Lines  of  Solids.  And  the  like  reafosi  holdeth  for  all  the  reft,  weir¬ 
ding  to  the  enfuing  Table.  ^  •  i 


d  Table  0/  the  Cubique  Roots. 
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^  of  Cuhiqne  Roots . 
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74 
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185 

3698 

335 

6945 

1866 

33 

3207 

76 
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The  Divipon  of  the  Lin&s  of  Solids . 
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9185 
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835 
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855 

949 1 
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95  ^9 

865 
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880 
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895 
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9600 
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9813 
9830 
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9966 
9983 
10000 


The  Defeyiptm  of  the  Lines .  X  i 

4  *  *  ? 

*  •  •  ; 

5.  To  divide  the  Lines  of  Sines  and  Tangents  On  the  Side  of  the  Setter 4 

Upon  the  Center  A>  and  Semidiameter  equal  to  the  Line  of  Lines, 
deferibe  a  Semicircle  ABC  D.,  with  A  B,  perpendicular  to  the 
Diameter  CD.  Then*  divide  the  Quadrant  CB,  B  D,  each  of  them 
into  90,  andfubdivide  each  degree  into  two  parts:  Forfn  if  (freight 
Lines  be  drawn  parallel  to  the  Diameter  C  D,v  through  thefepo,  and 
their  Subdivihons,  they  fhall  divide  the  Perpendicular  AB  unequally 


And  this  A  B  (fo  divided)  fhall  be  the  Line  of  Sines,  and  muft  be 
transferred  into  the  Se&or.  The  Number  fet  to  them  are  to  be  10,  20, 
3O1  &c.  unto  90,  as  in  the  Example. 

If  now  in  the  point  D,  unto  the  Diameter  C  D,  we  fhall  raife  a  Per¬ 
pendicular  D  E,  and  to  it  draw  (freight  Lines  from  the  Center  A,  through 
each  Degree  of  the  Quadrant  D  B,  thefe  {freight  Lines  {hall  be  Secants, 
and  this  Perpendicular  fo  divided  by  them  fhall  be  the  Line  of  Tangents, 
and  muff  be  transferred  unto  the  Side  of  the  Se£for;  The  Number  fet 
to  them,  are  fobc  10,  20,  30,  &e.  as  in  the  Example. 

If  between  A  and  D,  another  {freight  Line  G  F  be  drawn  parallel  to 
DE,  it  will  be  divided  by  thole  Lines  from  the  Center  in  like  fort  as 

C  a  DE 


1)1 


m 


I'M 


mi 


n  The  Defcriftion  of  Lines.  •  • 

DE  is  divided,  and  it  may  ferve  for  a  lefler  Line  of  Tangents,  to  be 
fee  on  the  Edge  of  the  Setftor. 

If  the  Compaffcs  fhall  be  extended  from  C  to  each  degree  of  the 
Quadrant  C  B,  and  thofe  Extents  transferred  into  one  Line  (C  A)  this 
Line  C  A  fo  divided  into  60  (or  rather  into  90  gr.)  fhall  be  a  Line  of 
•  Chords,  and  may  be  fet  on  fome  void  place  of  the  Setftor. 

Thefe  Lines  of  Sines  and  Tangents,  may  yet  otherwife  be  transferred 
into  the  Se6for  out  cf  the  Line  of  Lines  (or  rather  out  of  a  Diagonal 
Scale  equal  to  the  L  ne  of  Lines,)  by  Tables  of  Natural  Sines  and  Tangents. 

For  the  Sine  of  po gr.  being  equal  to  the  whole  Line  of  Lines  of 
looooo  parts,  the  Sine  of  %ogr,  will  be  equal  to  5000©  (half  the  Line 
of  Lines;)  and  the  Sine  of  45  gr.  equal  to  707 10  parts  of  the  Line  of 
Lines,  according  to  the  ulual  Table  of  natural  Sines. 

In  like  manner  the  Tangent  of  4 $  gr.  being  equal  to  the  whole  Line 
of  Lines,  the  Tangent  of  40 gr.  will  be  equal  to  89910  parts  of 
(he  Line  of  Lines:  and  the  Tangent  of  50 gr.  equal  to  119175, 
that  is,  to  one  Radius  (or  whole  Line)  and  19 17  5  parts  more  of  the 
fame  Line  of  Lines,  according  to  the  old  Table  of  Tangents. 

And  (upon  the  fame  ground)  the  Secant  of  40  gr.  will  be  equal  to 

30540,  that  is,  oncRadius  and  5.0540  parts  of  the  Line  of  L  ncs.- 
and  the  Secant  of  $ogr.  equalto  1.55572,  and  fo  the  reft,  according 
to  the  like  Table  of  Secants. 

The  Line  of  Chords  may  alfo  be  divided  by  help  of  the  Table  of  Sines 
and  Line  of  Lines.  For  the  doubl«  Sine  of  half  the  Ark  taken  out  of 
the  Line  of  Lines  will  give  the  Chord. 

As  if  the  Ark  propofed  were  6ogr.  The  half  of  this  Ark  is  30  gr . 
and  the  Sine  thereof  50000,  which  being  doubled,  make  100000,  the 
whole  Line  of  Lines,  equal  to  a  Chord  of  60 gr. 

So  for  the  Chord  of  90^.  the  half  Ark  is  45  degrees,  and  the  Sine 
thereof  70710,  which  being  doubled,  make  1414240,  that  is,  one 
Radius,  and  41420  parts  of  the  Line  of  L  nes,  equal  to  the  Chord  of 
90  gr.  required. 

6.  To  jhevfi  the  Ground  of  the  Stflor. 

LEc  A  B,  A  C,  reprefent  the  Legs  of  theSe&ors,  then  feeing  thefe 
two  A  B,  A  C  are  equal,  and  their  Sections  A  D,  A  E,  alfo  equal, 
they  fhall  be  cut  proportionally  :  and  if  we  draw  the  Lines  B  C,  D  E, 
they  willbe  parallel  by  Prop.  2.  Lik6^o£  End  id,  and  fo  the  Triangles 

ABC 
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•  The  Defertptmtf  Lines,  i$ 

ABC,  ADE,  fiiall  be  equianglcd «  by  reafcm  of  the  common  Angle 
at  A,  and  the  equal  Angles  at  the  Bafe,  and  therefore  fhall  have  the 
Sides  p$ppomonai  about  thofc  equal  Angles,  by  Prop,$.Lih6.  of  Eh f lid. 


The  Side  A  D  fhall  be  to  the  Side  A  B,  as  the  Bafis,  D  E,  unto  the 
parallel  Bafis  B  C,  and  by  converfion  A  B  fhall  be  unto  AD,  as  B C 
unto  D  E ;  and  by  permutation  AD  fhall  be  unto  DE,  as  AB  to 
B  C,  &c.  So  that  if  A  D  be  the  fourth  part  of  che  Side  A  B,  then  D  E 
fhall  alfo  be  the  fourth  part  of  his  parallel  Bafis  BC*  The  like  reafon 
holdeth  in  all  other  Se&ions. 

7.  To  (hen  the  general  ZJfe  of  the  Setter. 

THere  may  fome  Condufions  be  wrought  by  the  Se$or  even  then 
when  it  is  fhur,  by  reafon  that  the  Lines  are  all  of  one  length  :  but 
generally  the  Ufe  hereof  confifls  in  the  folution  of  the  Golden  Rule, 
, where  three  Lines  being  given  of  a  known  Denom 'nation,  a  fourth 
Proportional  is  to  be  found.  And  this  Solution  is  diverfe  in  regard 
both  of  che  Lines  and  of  the  Entrance  into  the  Work, 

The  Solution  in  regard  of  the  Lines  is  fometimes  fimple,  as  when  the 
Work  is  begun  and  ended  upon  the  fame  Lines.  Sometimes  it  is  com¬ 
pound,  as  when  it  is  begun  on  one  kind  of  Lines  and  ended  on  another. 
It  may  be  begun  upon  the  Lines  of  Lines,  and  finifhed  upon  the  Lines  of 
Superficies.  It  may  begin  on  the  Sines,  and  end  on  the  Tangents. 

The  Solution  in  regard  of  the  Entrance  into  the  work,  may  be  either 
with  a  Parallel,  or  elfe  Lateral  on  the  Side  of  the  Sector ,  I  call  it 
Parallel  Entrance,  or  entring  with  a  Parallel,  when  the  two  Lines  of 
the  firft  Denomination  are  applied  in  the  Parallels,  and  the  third  Line, 
and  that  which  is  fought  for,  are  on  the  fide  of  the  Se&or :  I  call  it  lateral 
Entrance,  or  entring  on  the  fide  of  the  Se&or,  when  the  two  Lines  of 
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the  firft  Denomination  are  on  the  fide  of  the  Se&or  ,  and  the  third 
Line,  and  that  which  is  to  be  found  out  doftand  in  the  Parallels# 


As  for  Example,  let  there  be  given  three  Lines  A,B,  C,  to  which  I 
am  to  find  a  fourth  Proportional,  let  Ameafured  in  the  Line  of  Lines 
be  40,  B  50,  and  C  do,  and  fuppofe  the  Qucftion  be  this :  If  40 
Months  give  50  pounds,  what  ftiall  do?  Here  are  Lines  of  two  De¬ 
nominations,  one  of  Months,  another  of  Pounds,  and  the  firft,  with 
which  I  am  to  enter,  muft  be  that  of  40  Months.  If  then  I  would 
enter  with  a  Parallel,  firft  I  take  A,  the  Line  of  40,  and  put  it  over  as 
a  Parallel  in  50,  reckoned  in  the  Line  of  Lines,  on  cither  fide  of  the 
Se<ftor  from  the  Center,  fo  as  it  may  be  the  Bafe  of  an  Ifofcheles  Tri¬ 
angle  BAC,  whofe  Sides  A  B,  AC  are  equal  to  B,  the  Line  of  the 
fecond  Denomination. 

Then . 
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Then  the  Settor  being  thus  opened,  I  take  C  the  Line  of  60,  be¬ 
tween  the  Feet  of  the  Compares,  and  carrying  them  parallel  to  B  Ct 
I  find  them  to  crofs  the  Lines  A  B,  AC,  on  the  fide  of  the  Setter 
in  D  and  E,  numbred  with 75,  wherefore  I  conclude  the  Line  AD 
or  A  E  is  the  fourth  Proportional  and  the  correspondent  Number  7$p 
which  was  required. 


But  if  I  would  enter  on  the  Side  of  the  Settor,  then  would  I  dif- 
pofe  the  Lines  of  the  firft  Denomination  A  and  C  in  the  Line  of  Lines, 
on  both  fides  of  the  Settor  in  A  B,  A  C,  and  in  A  D,  A  E,  fo  as  they 
fhouid  all  meet  in  the  Center  A,  and  then  taking  B  the  Line  of  the 
fecond  Denomination,  put  it  over  as  a  Parallel  in  B  C,  that  ic  may  be 
the  Bafis  of  the  Ifofcheles  Triangle  B  A  C  (whofe  Sides  AB,  AC,  are 
equal  to  A  the  firft  Line  of  the  firft  Denomination)  for  fo  the  Senior 
being  thus  opened,  the  other  Parallel  from  D  to  E,  fhali  be  the  fourth 
Proportional  which  was  required,  and  if  ic  be  meafured  with  the  other 
Lines,  ic  fhali  be  75,  as  before. 

In  both  thefe  manners  of  Operations, the  two  firft  Lines  do  ferve  to  open 
lhc  Setter  to  his  due  Angle,  the  Difference  between  them  is  efpecially 

thir. 
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this,  that  in  Parallel  Entrance,  the  two  Lines  of  the  firft  Denomination, 
are  placed  in  the  Parallels  BC,  DE,  and  in  Lateral  Entrance  they  arc 
placed  onboth  Sides  of  the  Senior,  in  A  B,  A  D,  and  in  A  C,  A  E. 

Now  in  iimple  folution  which  is  begun  and  ended  upon  the  fame 
kind  of  Lines,  it  is  all  one  which  of  the  two  latter  Lines  be  put  in  the 
fecond  or  third  place?.  As  in  our  Example  we  may  fay.  As  4P  are  to  50, 
fo  60  unto  7?,  or  elfe,  As  40  are  to  60,  fo  50  unto  75.  And  hence  it 
comerh,  that  we  may  enter  both  with  a  Parallel  aud  on  the  Sides  two 
manner  of  ways  at  either  Entrance,  and  (o  the  nr  ft  part  of  Queftions 
may  be  wrought  fourfeveral  ways,  though  in  the  Proportions  following, 
I  mention  only  that  which  is  moft  convenient.  If  any  have  not  the  Se&or. 
he  may  make  ufe  of  the  former  Figure,  as  in  our  Example,  where  wc 
have  three  Numbers  given  (40.  50.60.)  to  find  the  fourth  Propor¬ 
tional. 

Firft,  draw  a  right  line  (  A  D)  to  reprefent  one  of  the  Lines  of  the  Se¬ 
nior.  Then  take  out  the  firft  Number  (48)  out  of  the  Line  of  Lines 
and  prick  it  down  from  A  to  B  ;  and  on  the  Center  (A,)  and  Semi¬ 
diameter  (A  B)  defcribean  occult  Ark  of  a  Circle  from  B  towards  C. 
In  like  manner,  take  out  (60)  the  other  Number  of  the  firft  Denomi¬ 
nation,  and  prick  it  down  from  A  to  D.  And  on  the  Center  (A)and 
Semidiameter  (A  D)  defcribe  a  fecond  Ark  of  a  Circle,  from  D  toward  E. 
That  done,  take  the  third  Number  (50)  and  Infcribe  it  into  the  firft  Ark 
from  B  to  C  j  and  laying  the  Ruler  to  the  Center  (AJ  and  the  Point  C, 
draw  the  right  Line  AC,  out  in  length,  till  it  cut  the  fecond  Ark  in  the 
point  E-  So  the  Diftance  from  D  to  E  (taken  and  meafured  in  the 
fame  Scale  with  the  third  Number)  will  give  75  for  the  fourth  Pro¬ 
portional, 

Thus  much  for  the  general  Ufe  ofthe  Se<ftor,  which  being  confidered, 
and  well  underftood,  there  is  nothing  hard  in  chat  which  followeth. 


CHAP. 


CHAP.  II. 

The  Vfe  of  the  Sale  of  tines'. 

I.  To  fet  Atm  a  Lint,  nfemlltng  any  given  Parts  or  Frallion  of  Parts'. 

\ 

THe  Lines  of  Lines  are  divided  aftuallyinto  io©  parts,  but  we  have 
put  only  10  Numbers  in  them.  Thefe  we  would  have  to  fignifie 
either  chemfelves  alone,  or  ten  times  themfelves,  or  an  hundred  times 
themfelves,  or  a  thoufand  times  themfelves,  as  the  matter  fhall  require. 
As  if  the  Numbers  given  be  no  more  than  io,  then  we  may  think  the 
Lines  only  divided  into  ten  pares  according  to  the  number  fee  to  them. 
If  they  be  more  than  io,  and  not  more  than  ioo,  then  either  Line  (hall 
contain  ioo  parts,  and  the  Numbers  fet  by  them  fhall  be  in  value  10,20, 
|o,  .  as  they  are  divided  adualiy.-  If  yet  they  be  more  than  ioo, 

then  every  part  rauft  be  thought  to  be  divided  into  io,  and  either  Line 
fhall  be  ioo©  parts,  and  the  Numbers  fet  to  them  fhall  be  in  value  ioo, 
200,  500,  and  fo  forward  ftill  increafing  themfelves  by  10.  This  being 
prefuppofed,  we  may  number  the  Parts  and  Fraction  ©f  Parts  given  in 
the  Line  of  Lines;  and  taking  out  the  Diftancewith  a  Pair  of  Com- 
paffes,  fet  it  by,  f©r  the  Line  fo  taken  (hall  refemble  the  Number  gi¬ 
ven. 

In  this  manner  may  we  fet  down  a  Line  refembling  73;,  if  either  we 
take  75  out  of  the  hundred  parts,  into  which  one  of  the  Line  of  Lines 
is  a&ually  divided,  and  note  it  in  A,  or  7^  of  the  firft  io  parts,  and 
note  it  in  B,  or  only  %  of  one  of  thofe  hundred  Parts,  and  note  it  in  €. 
Or  if  this  be  either  too  great  or  too  fmall,  we  may  run  a  Scaleat  pleafure, 
by  opening  the  Corapafs  to  fome  fmall  diftancc,  and  running  it  ten  times 
over,  then  opening  the  Compafs  to  thefe  ten,  run  them  over  nine  times 
more,  and  fet  Figures  to  them  as  in  this  Example,  and  out  of  this  we 
may  take  what  parts  we  will  as  before. 

To  this  end  I  have  divided  the  Line  of  Inches  on  the  Edge  of  the  Senior, 
fo  as  one  Inch  conteineth  8  parts,  another  9,  another  10,  &c .  according  > 
as  they  are  figured,  and  as  they  are  diftant  from  the  ocher  end  of  the 
Se&or,  that  fo  we  might  have  the  better  Eftimate. 
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Z'JTo  increafe  a  Line  in  a  given  Proportion. 
3.  To  dimimfh  a  Line  in  a  given  Proportion . 


TAke  the  Line  given  with  a  pair  of  Compares,  and  open  theSe&or, 
fo  as  the  Feet  of  the  Compares  may  ftand  in  the  point  of  the 
Number  given,  then  keeping  the  Sedfor  at  this  Angle,  the  Parallel  Di- 
ftance  of  the  points  of  the  Number  required  >  fhail  give  the  Line  re- 
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Let  A  be  a  Line  given  to  be  increafed  in  the  Proportion  of  3  to  f. 
Firft,  I  take  the  Line  A  with  the  Compares,  and  open  the  Se&oi  till  I 
may  put  it  over  in  the  Points  of  3  and  3,  fo  the  Parallel  between  the 
Points  of  5  and  $,  doth  give  me  the  Line  B,  which  was  required. 

In  like  manner,  if  B  be  a  Line  given  to  tediminifhed  in  the  Propor¬ 
tion  of  5:  to  3,  I  take  the  Line  B :  and  to  it  open  the  Se6h$r  in  the  points 
of  5  and  J,  fo  the  Parallel  between  the  Points  of  3  and  3,  doth  give  me 
the  Line  A,  which  was  required. 

If  this  manner  of  work  doth  not  fuffice,  we  may  multiply  or  divide 
the  Numbers  given  by  2,  or  3,  or  4,  &c.  And  fo  work  by  their  Num¬ 
bers  aqui-multiplices ,  as  for  3  and  5,  we  may  open  the  Se&orin  6»and 
10,  or  elfe in  5?  and  15,  orelfein  Hand  ao,orin  15  and2j,  or  in  18 
and  30,  &c. 


4.  To  divide  a  Line  into  any  number  ef  % arts  given. 

.  1  • 

TAke  the  Line  given,  and  open  the  Se&or  according  to  the  length  of 
the  faid  Line  in  the  points  of  the  parts,  whereinco  the  Line  fhould 
be  divided,  then  keeping  the  Se$or  at  this  Angle,  the  Parallel  Diftance 
between  the  points  of  1  and  1  (hall  divide  the  Line  given  into  the  Parcs 
required. 
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Let  A  B  be  the  Line  given,  to  be  divided  into  five  parts,  firft  I  take 
this  Line  A  B,  and  to  it  open  the  Sedorin  the  point  of  5  .and  5,  the  Pa¬ 
rallel  between  the  points  of  1  md  1,  doth  give  me  the  Line  AC,  which 
doth  divide  it  into  the  parts  required.  r  • 

* _ j 
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Or  let  the  like  Line  AB  be  to  be  divided  into  twenty  three  parts,1 
Firft,  I  take  out  the  Line  and  put  it  upon  the  Se6lor  in  the  points  of  2 
then  may  I  by  the  former  Proportion  diminish  it  in  A  C,  C  D,  in  the 
Proportion  of  2  3  to  10,  and  after  that  divide  the  Line  A  C  into  10,  &c. 
as  before. 

5,  To  find  proportion  between  two  or  more  right  Lines  given. 

TAkethe  greater  Line  given,  and  according  to  it  open  the  Sedor  in 
the  points  of  100  and  i©o,  then  take  the  leflfer  Lines  feverally,  and 
carry  them  parallel  to  the  greater,  till  they  ftay  in  like  points,  fo  the  Num¬ 
ber  of  points  wherein  they  ftay,  fhallfhew  their  Proportion  unco  100. 

tA  B 

I..  1 

a  Tk  CD 

Let  the  Lines  given  be  AB,  CD,  firft  I  take  the  Line  CD,  and  to 
it  open  the  Se&orin  the  points  of  100  and  100,  then  keeping  the  Se&os 
at  this  Angle,  I  enter  the  lefler  Line  A  B,  parallel  to  the  former,  and 
find  it  tocrofsthe  Lines  of  Lines  in  the  points  of  6 o.  Wherefore  the 
Proportion  ©f  A  B  to  C  D,  is  as  So  to  100* 

Or  if  the  Line  C  D  be  greater  than  can  be  put  over  in  the  Points  of 
100,  then  I  admit  the  lefTerLine  A  B  to  be  100,  and  cutting  off  CE 
equal  to  A  B,  I  find  the  Proportion  of  C  E  unto  ED  to  be  as  IOOj, 
almoft  to  67  s  ,  wherefore  this  way  the  Proportion  of  A  B  unto  C  D,  is 
,  as  100  unto  almoft  167. 

This  Proportion  may  alfo  not  unfitly  be  wrought  by  any  other  Num¬ 
ber,  chat  admits  fevsral  Divifions,  and  namely,  by  the  Numbers  of  6O0 
»  '  Da  And 
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And  fo  thelcffer  Line  will  be  found  to  be  36,  which  is  as  before  in  teffer 
Numbers,  as  3  unto  y,  It  may  alfo  be  wrought  without  opening  the 
Senior.  For  if  the  Lines  between  which  we  feek  a  proportion,  be  applied 
to  the  Lines  of  Lines  (or  any  other  Scale  of  equal  parts)  there  will  be 
fuch  Proportion  found  between  them,  as  between  the  Lines  to  which 
they  are  equal, 

1  •  •  -  ...  .  ■ 

6.  Two  Lines  being  given,  to  find  a  third  in  continual  Profortiw. 

FIrfl  place  both  the  Lines  given,  ©n  both  fide s  of  the  Se&or  from  the 
Center,  and  mark  the  terms  of  their  Excenfion,  then  take  ouj  the 


fecond 
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fecond  Line  again,  and  to  it  open  the  Se<ftor,  in  the  terms  of  the  firft 
Line,  fo  keeping  the  Senior  at  this  Angle,  the  parallel  Diftance  between 


the  terms  of  the  fecond  Line,  (hall  be  the  third  Proportional. 

Let  the  two  Lines  given  be  A  B,  AC*  which  I  takeout  and  place 
on  both  fides  of  the  Senior, fo  as  they  all  meet  in  the  Center  A  ,let  the  terms 
of  the  firft  Line  be  Band  B,  the  terms  of  the  fecond  C  and  C.  Then 
do  I  take  out  A  G  the  fecond  Line  again,  and  to  it  open  the  Se&or  in 
the  terms  B  B.  So  the  Parallel  between  C  and  C  doth  give  me  the  third 
Line  in  continual  Proportion.  For  as  A  B  is  unto  AC,  fo  BB  equal 
to  A  C,  is  unto  C  C. . .  ■  •  * 

7.  Three  Lines  hing  given ,  to  find  the  fourth  in  difcontinual  Pro* 
portion* 

HEre  the  firft  Line  and  the  third  are  to  be  placed  on  both  fides  of 
the  Sebler  from  the  Center,  then  take  out  the  fecond  Line,  and 
to  it  open  the  Sector  in  the  terms  of  the  firft  Line.  For  fo  keeping  the 
Se&or  at  this  Angle ,  the  parallel  Diftance  between  the  terms  of  the 
third  Line,  dial!  be  the  fourth  Proportional,  Let  the  three  Lines  gi=»  - 
?en  be  A,  B,  C. 


a  a 


it  BG 


Firft,  I  take  but  A  and  C,  and  place  them  bn  both  fides  of  the  Se¬ 


nior,  in  A  B,  A  C,  and  A  D,  A  E,  laying  the  beginning  of  both  Lines 

ac- 


/ 
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at  the  Center  A,  then  do  I  take  out  B  the  fecond  Line,  according  to  it 
I  open  the  Se&or  in  B  and  C,  the  terms  of  the  firft  Line :  fo  the  Paral¬ 
lel  bet  ween  D  andE,  doth  give  me  the  fourth  Proportional  which  was 
required.  -  “ 

As  in  i/frithmeiiekj  it  fufficeth  if  the  firft  and  third  Number  given 
be  of  one  Denomination,  the  fecond  and  the  fourth  which  is  required 
be  of  another.  For  one  and  the  fame  Denomination  is.  not  requi¬ 
red  necefiarily  in  them  all.  So  in  Geometry,  it  fufficeth  if  the  Sides 
AB,  AD,  refembling  the  firft  and  third  Lines  given  be  meafured 
in  one  Scale ,  and  the  Parallels  BC,  DE  be  meafured  in  another. 
Wherefore  knowing  the  Proportion  of  A  the  firft  Line,  and  Cthe  third 
Line  by  thefifth  Propofition  before.  Which  is  here  as  8  to  12,  and  de¬ 
fending  in  leffer  Numbers,  is  as  4  to  6,  or  as  2  to  5,  or  afcending  into 
greater  Numbers,  as  id  unto  24,  or  18  to  27,  or  20  to  30,  or  30  to  47, 
or 40  to  60,  If  the  Seftor  be  opened  in  the  points  of  8  and  8,  to 
the  quantity  of  B>  the  fecond  Line  given,  then  a  Parallel  between  iz 
and  1 2,  fhallgiveDE,  the  fourth  Line  required.  So  likewife  if  it  be 
opened  in  4  and  4,  then  a  Parallel  between  6  and  6 ;  or  if  in  1 6  arid 
id,  then  a  Parallel  between  24  and  24  fhall  give  the  fame  DEt  and 
fo  in  the  reft. 

8.  To  divide  a  Line  in  ftich  forl  as  another  Line  is  before  divided . 

Firft,  take  out  the  Line  given,  which  is  already  divided*  and  laying 
it  on  both  fides  of  the  Setftor  from  the  Center ;  mark  how  far  it 
extendeth.  Then  take  out  the  fecond  Line  which  is  to  be  divided,  and 
to  it  open  the  Seftor  in  the  terms  of  the  firft  Line.  This  done,  take 
out  the  parts  of  the  firft  Line,  and  place  them  alfo  on  the  fame  fide  ®f 
the  Seftor  from  the  Center.  For  the  Parallels  taken  in  the  terms  of 
thefe  parts  fhall  be  thecorrefpondent  parts  in  the  Line  which  is  to  be  di¬ 
vided. 

Let  AB,  be  a  Line  divided  in  D  and  E,  and  B  C  the  Line  whi$h  I 
am  to  divide  in  fuch  fort,  as  A  B  is  divided. 

Firft,  I  take  Line  AB,  and  place  it  on  the  Line  of  Lines  in  AB, 
A  C,  both  from  the  Center  A,  then  take  I  out  the  fecond  B  C>  and  to 
it  open  the  Seftor  in  B  and  C,  the  terms  of  the  firft  Line.  The  Seftor 
thus  opened  tohis  due  Angle,  I  take  out  AD  and  A  E,  the  parts  of 
the  firft  Line  A  B,  and  place  them  alfo  on  both  the  fides  of  the  Seftor 
A  D,  A  Ej  fo  the  Parallel  D  D  givech  me  B  F,  and  the  Parallel  E  E 

giveth 
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givcth  B  G,  and  the  Line  B  C  is  divided  in  F  and  G,  as  is  the  other  Line 
A  B  in  J>  and  E,  which  was  required* 


If  the  Line  A  B  were  longer  than  one  of  the  Sides  of  the  Ruler,  then 
fhould  I  find  what  proportion,  it  hath  to  his  parts  A  1)»  A  E,  andihat 
known,  I  may  work  as  before  in  the  former  Proportion.' 

9.  Two  Numbers  being  given ,  to  find  a  third  in  continual  • 
portion. 

F'Irft  reckon  the  two  numbers  given  on  both  (ides  of  the  Lines  of  Lines 
from  the  Center,  and  mark  the  terms  to  which  either  of  them  ex¬ 
tended!,  then  take  out  a  Line  refembling  the  fecond  number  again,  and 
to  it  open  the  Se&or  in  the  terms  of  the  fir'ft  number,  for  fo  keeping  the 
Settor  at  this  Angle,  the  Parallel  Diftance  between  the  terms  of  the 
fecond  lateral  Number,  being  meafured  in  the  fame  Scale,  from 
whence  his  Parallel  was  taken ,  (hall  give  the  third  Number  Pro- 

^Lwthc  two  Numbers  given  be  1 8,  24.  Thefe  being  refembled  in 
Lines,  the  work  will  be  in  a  manner  all  one  with  that  in  Prop*6»  and  fc 
the  third  Proportional  number  will  be  found  to  be  32. 


io.  Three 
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to.  Three  Numbers  being  given  ,  to  find  a  fourth  in  difconthsual 
Proportion • 


THe  Solution  of  this  Proportion,  is  in  a  manner  all  one  with  that 
before  in  Propty.  only  there  may  be  fome  difficulty  in  placing  of  the 
numbers.  To  avoid  this, we  muff  remember  that  three  numbers  being  given, 
the  queff  ion  is  annexed  but  to  one,  and  this  muff  always  be  placed  in  the 
third  place,  that  which  agrees  with  this  third  number  in  denomination, 
fhall  be  the  firff  number,  and  that  which  remaineth  the  fecond  number. 
This  being  confidered,  reckon  the  firff  and  third  numbers,  which  are  of 
the  fii  ft  Denomination  on  both  fides  of  the  Lines  of  Lines  from  the  Center, 
and  mark  the  terms  to  which  either  of  them  extendeth,  then  take  out  a 
Line  refembling  the  fecond  number,  and  to  it  open  the  Senior  in  the  terms 
of  the  firff  number,  for  fo  keeping  rhe  Se£lor  at  this  Angle,  the  parallel 
Diffance  between  the  terms  of  the  third  lateral  Number,  being  measured 
in  the  fame  Scale  from  whence  his  Parallel  was  taken,  fhall  give  the  fourth 
number  Proportional. 

As  if  a  queff  ion  were  propofed  in  this  manner,  io  yards  coff  87.  how 
many  yards  may  we  buy  for  ill .  here  the  queff  ion  is  annexed  to  12; 
and  therefore  it  fhall  be  the  third  number,  and  becaufe  8  is  of  the  fame 
'denomination,  it  fhall  be  the  firff  number,  then  10 remaining,  it  muff 
be  the  fecond  number,  fo  will  they  ffand  in  this  order,  8, 1  o,  12.  Thefe 
being  refembled  in  Lines,  the  work  will  be  in  a  manner  the  fame  with 
that  in  Pr op. 7.  and  the  fourth  Proportional  number  will  be  found  to  be 
-1 5  :  for  4U%  Are  to  10,  foil  unto  1 5. 

And  this  holdeth  in  dire<ff  Proportion  ;  where  as  the  firff  number  is 
to  the  fecond,  fo  the  third  to  the  fourth.  So  that  if  the  third  number 
be  greater  than  the  firff,  the  fourth  will  be  greater  than  the  fecond  ;  or 
if  the  third  number  be  lefs  than  the  firff,  the  fourth  will  be  lefs  than  the 
fecond,  but  in  reciprocal  Proportion,  commonly  called  the  Bacl^  Pule9 
where,  by  how  much  the  firff  number  is  greater  than  the  third,  fo  much 
the  fecond  will  be  lefs  than  the  fourth,  or  by  how  much  the  firff  number 
is  lefs  than  the  third,  fo  much  the  fecond  will  be  greater  than  the  fourth  ; 
the  manner  of  working  muff  be  contrary,  that  is,  the  Se&or  is  to  be 
opened  in  the  terms  of  the  third  number  :  and  the  Parallel  refembling 
the  number  required,  is  to  be  found  between  the  terms  of  the  firff  num¬ 
ber,  the  reft  may  be  obferv  ed  as  before,  as  for  example. 


I 
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7 f  twelve  men  would  raife  a  Frame  in  ten  days,  in  how  many  days  would 
tight  men  raife  the  fame  Frame  ?  Here ,  becanfe  the  fewer  nsen  would  re - 
qmre  lengerjime,  though  the  numbers  he  I»,ic,  8,  yet  the  fourth  Prof  ear- 
tional  will  he  found  to  be  i  $. 

So  if  6o  Yards  of  three  quarters  of  a  Yard  in  hredth  would  hang  round 
about. a  room,  and  it  were  required  to  knowhow  many  Yards  of  half  a  Yard 
in  hredth  would  ferve  for  the  fame  mm.  The  fourth  Proportional  totdd 

he  found  to  be  $o. 

So  if  to  make  a  Foot  fuperpcial  I  2  inches  in  hredth  do  require  1 2  inches 
in  lengthy  and  the  hredth  being  16  inches  y  it  were  required  to  know  the 
length.  Herey  becanfe  the  mer$  hredth ,  the  lefs  length ,  the  fourth  Propor¬ 
tional  will  he  found  to  be  9. 

‘  .  A  ,  \  N 

So  if  to  make  a  folld  Foot,  a  Safe  of  finches,  require  U  inches  in 
height,  and  a  Bafe given  being  21 6  inches,  it  were  required  to. know  how 
many  inches  it  (had  have  in  height.  The  fourth  Proportional  would  be  found 
to  he  S* 

This  laft  Proportion  of  finding  a  fourth  Proportional  Number 
may  be  wrought  alfo  by  the  Lines  of  Superficies  *  and  by  the  Lines 
of  Solids. 


r 


1  CHAP. 
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CHAP.  III. 

The  Vfe  of  the  Lines  of  Superficies .. 

I,  To  find  a  Proportion  between  two  or  more  like  Supefieies. 

* 

TAke  one  of  the  fides  of  the  greater  Superficies  given,  and  according 
to  it  open  the  Sedior  in  the  points  of  100  and  100  in  the  Lines  of 
Superficies,  then  take  the  like  fides  of  the  leffer  Superficies  feverally,  and 
carry  them  parallel  to  the  former,  till  they  ftay  in  like  points,  fo  the 
number  of  points  wherein  they  ftay,  fhall  (hew  their  Proportion  un¬ 
to  IOO. 


'tOO 

4.0 
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Let  A  and  B,  be  the  fides  of  like  Superficies,  as  the  fides  of  two 
Squares,  or  the  Diameters  of  two  Circles,  firft  I  take  the  fide  A,  and  to 
it  open  the  Seftor  in  the  points  of  iooy  then  keeping  the  Sedtor  to  this 
Angle,  I  enter  the  leffer  fide  B,  parallel  to  the  former,  and  find  it  to 
crofs  the  Lines  of  Superficies  in  the  points  of  40,  wherefore  the  Propor¬ 
tion  of  the  Superficies,  whofe  fideis  A,  to  that  whole  fide  is  B,  is  as  100 
unto  40,  which  is  in  leffer  number  as  $  unto  2. 

This  Propoficion  might  have  been  wrought  by  6 0,  or  any  other  Num¬ 
ber  that  admits  feveral  Divisions.  It  may  alfo  be  wrought  without  open¬ 
ing  the  Sedtor,  for  if  the  fides  of  the  Superficies  given  be  applied  to  the 
Lines  of  Superficies,  beginning  always  at  the  Center  of  the  Sedfor,  there 
will  be  f|rch  Proportion  found  between  them,  as  between  the  number  of 
parts  whereon  they  fall. 


2.  To  augment  a  S&perficies  in  a  given  Proportion. 

3;  To  diminish  a  Superficies  in  a  given  Proportion . 

TAke  the  fide  of  the  Superficies,  and  to  it  open  the  Sedfor  in  the  points 
of  the  numbers  given  ;  then  keeping  the  Sedlor  at  that  Angle,  the 
parallel  diftance  between  the  points  of  the  number  required,  fhall  give 
the  like  fide  of*  the.  Superficies  required* 
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Let  A  be  the  fide  of  a  Square,  to  be  augmented  in  the  Proportion  of 
2  to  5.  Firft,  I  take  the  fide  A,  and  put  it  over  in  the  Lines  of  Super¬ 
ficies  in  2  and  2;  fo  the  Parallel  between  5  and  5,  doth  give  me  the  fide 
B,  on  which  if  I  ftiould  make  a  Square,  it  would  have  fuch  Proportion 
to  the  Square  of  A,  as  5?  unto  2. 

In  like  manner,  if  B  were  the  Semidiameter  of  a  Circle  to  be  dimi- 
nifhed  in  the  Proportion  of  5  unto  2,  I  would  take  out  B,  and  put  it 
over  in  the  Lines  of  Superficies  in  5  and  J  ;  fo  the  Parallel  between  2 
and  2  would  give  me  A ;  on  which  Semidiameter  if  I  fhould  make  a 
Circle,  it  would  be  lefs  than  the  Circle  made  upon  the  Semidiameter  B, 
in  fuch  Proportion  as  2  is  lefs  than  5* 

For  variety  of  work,  the  like  caution  may  be  here  obferved  to  that 
which  we  gave  in  the  third  Propofition  of  Lines. 


4.  To  add  one  li\e  Superficies  to  another . 
y9  To  f ultra  ft  one  like  Superficies  from  another . 


Firft,  the  Prop  ortion  between  like  fides  of  the  Superficies  given,  is  to 
be  found  by  the  firft  Propofition  of  Superficies,  then  add  or  fubtradl 
the  numbers  of  thofe  Proportions,  and  accordingly  augment  or  dimimfh 
by  the  former  Propoficion. 


1 


V 


v 


■ 


C/l 

B 

G 
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As  if  A  and  B  were  the  fide  of  two  Squares ,  and  it  were  required  to 
make  a  third  Square  equal  to  them  both.  Firft  the  Proportion  between 
the  Squares  of  A  and  B,  would  be  found  to  be  as  i  oo  unto  40,  or  in  the 
leffer  numbers  as  $  to  a;  then  becaufe  5  and  2  added  do  make  7,  I  aug¬ 
ment  the  fide  A  in  the  Proportion  of  5  to  7,  and  it  will  produce  the  fide 
C,  on  which  if  I  makeaSquare,  it  will  be  equal  to  both  the  Squares  of 
A  and  B,  which  was  required. 

'  In  like  manner  A  and  B  being  the  fides  of  two  Squares,  it  it  were 
required  to  fubtraft  the  Square  of  B,  out  of  the  Square  of  A,  and  to 
make  a  Square  equal  to  the  Remainder,  here  the  Proportion  being  as  J 
to  2,  becaufe  2  taken  out  of  j,  the  Remainder  is  ?,  I  would  dimmilh 

the  fide  A  in  the  Proportion  of  J  to  3,  and  fo  I  fhould  produce  the  fide 

E  2  D,  on 
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D,  on  which  if  I  make  a  Square,  it  will  be  equal  to  the  Remainder,, 
when  the  Square  of  B  is  taken  out  of  the  Square  of  A,  that  is,  the  two 
Squares  made  upon  B  and  D,  (hail  be  equal  to  the  firft  Square  made  ■ 
upon  the  fide  A. 

6.  T#  find  a  mean  Proportional  between  two  Lines  given* 

Fir  ft'  find  what  Proportion  is  between  the  Lines  given,  as  they  are 
Lines,  by  the  fifth  Proposition  of  Lines,  then  open  the  Se&or  in 
the  Lines  of  Superficies,  according  to  his  Number,  to  the  quantity  of 
the  one,  and  a  Parallel  taken  between  the  points  of  the  Number  belongs 
ing  to  the  ocher  Line  ihall  be  the  mean  Proportional 

cAj: 


C 

Let  the  Lines  given  be  AandC.  The  Proportion  between  them  (as 
they  are  Lines)  will  be  found,  by  the  fifth  Propofition  of  Lines,  to  be, 
as  4  to  9.  Wherefore,  I  take  the  Line  C,  and  put  it  over  to  the  Lines 
of  Superficies  between  9  and  9,  and  keeping  the  Se&or  at  this  Angle, 
his  Parallel  between  4  and  4. doth  give  me  B,  for  the  mean  Proportional 
Then  for  proof  of  the  Operation  I  may.  take  this  Lino  Br  and  put  over 
between  9  and  9  :  fo  his  Parallel  between  4  and  4,  fhallgive  me  the  firft 
Line  A.  Whereby  it  is  plain,,  that  thefe  three  Lines  do  hold  in  conti¬ 
nual  Proportion  ;  and  therefore  B  is  a  mean  Proportional  between  A  and 
CS,  the  extremes  given. 

Upon  the  findings  out  of  this  mean  Proportion,  ,  depend  many  Co¬ 
rollaries,  as 

To  make  a  Square  equal  to  a  Superficies  given. 

I 'F  the  Superficies  given  be  a  re&angle  Parallelogram,  a  mean  Propor- 

i  tional  between  the  two  unequal  Sides  fhall  be  the  Side  of  his  equal 
Square: *  1 

If  it  fhall  be  a  Triangle,  a  mean  Proportion  between  the^Perpendieukr 
and  half  the  Bafe  fhall  be  the  Side  of  his  equal  Square.,  If  it  (hall  be 
my  other  right:lined  Figure,  it  may  be  refolved  into  Triangles,  and  fo 


Q 


B  r 
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a  Side  of  a  Square  found  equal  to  every  Triangle,  and  thefe  being  .re¬ 
duced  into  one  equal  Square,  it  (hall  be  equal  to  the  whole  right-lined 
Figure  given. 

To  find  a  Proportion  between  Superficies ,  though  they  be  unlike  me  to 
the  other . 

% 

IF  to  every  Superficies  we  find  the  fide  of  his  equal  Square,  the  Pro¬ 
portion  between  thefe  Squares  (hall  be  the  Proportion  between  the: 
Superficies  given. 

/ 

\ 


Let  the  Superficies  given  be  the  oblong  A*  and  the  Triangle  B.  Firft 
between  the  unequal  Sides  of  A,  I  find  a  mean  Proportional,  and  note 
it  in  C  :  This  is  the  fide  of  a  Square  equal  unto  A.  Then  between  the  • 
Perpendicular  cf  B,  and  half  hisBafe,  Tfind  a  mean  Proportional,  and 
note  it  in  B  :  this  is  the  fide  of  a  Spuare  equal  to  B  :  but  the  Propor¬ 
tion  between  the  Squares  of  C  and  B>  will  be  found,  by  the  firft  Pfo- 
pofition  of  Superficies  to  be  as  5  to  4  .:  and  therefore  this  is  the  Propor¬ 
tion  between  thofe  given  Superficies; 

To  make  a  Superficies ,  like  to  one  Superficies ,  and  equal  to  another • 

LEt  the  one  Superficies  given  be  the  Triangle  A,  and  the  other  the 
Rhomboides  B ;  and  let  it  be  required  to  make  another  Rhom- 
hoides  like  to  B,  and  equal  to  the  Triangle  A.-  . 


» 
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Firft,  between  the  Perpendicular  and  the  Bafe  of  B,  I  find  a  mean 
Proportional, and  note  it  in  B,as  the  fide  of  his  equal  Square,  then  between 
the  Perpendicular  of  the  Triangle  A,  and  half  his  Bafe,  I  find  a  mean  Pro¬ 
portional, and  note  it  in  A, as  the  fide  of  his  equal  Square.  Wherefore  now 
as  the  fide  B  is  to  the  fide  A,  fo  fhall  the  fides  of  the  Rhomboides  given 
be  to  C  and  D,  the  fides  of  the  Rhomboides  required,  and  his  Perpen¬ 
dicular  alfo  to  H,  the  Perpendicular  required. 


Having  the  Sides  and  the  Perpendicular,  I  may  frame  the  Rhom¬ 
boides  up,  and  it  will  be  equal  to  the  Triangle  A. 

If  the  Superficies  given  had  been  any  other  right-lined  Figures,  they 
might  have  been  refolved  into  Triangles  and  then  brought  into  Squares 
as  before. 

Many  fuch  Corollaries  might  have  been  annexed,  but  the  means  of 
finding  a  mean  Proportional  being  known ,  they  all  follow  of  them- 
felves. 

7.  To  find  a  mean  Vrofortional  between  two  Numbers  given. 

Flrft,  reckon  the  two  Numbers  given  on  both  fides  of  the  Lines  of 
Superficies,  from  the  Center,  and  mark  the  terms  whereunto  they 
extend  ;  then  take  a  Line  out  of  the  Line  of  Lines,  or  any  other  Scale 
of  equal  pares  refembling  one  of  thofe  Numbers  given,  and  put  it  over  in 
the  terms  of  his  like  Number  in  the  Lines  of  Superficies ;  for  fo  keeping 
the  Sector  at  this  Angie,  the  Parallel  taken  from  the  terms  of  the  other 
Number  and  meafured  in  the  fame  Scale  from  which  the  other  Parallel 
was  taken,  fhall  here  fhew  the  Mean  Proportional  which  was  required, 
let  the  Numbers  given  be  4  and  9.  If  I  fhall  take  the  Line  A  in 

the 
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the  Diagram  of  the  fixth  Propofition  refembling  4,  in  a  Scale  of  equal 
parts,  and  to  it  open  the  Se&or  in  the  terms  of  4  and  4,  in  the  Lines  of 
Superficies,  his  Parallel  between  9  and  9  doth  give  me  B  lor  the  Mean 
Proportional,  And  this  meafured  in  the  Scale  of  equal  parts  dDth  ex¬ 
tend  to  6 ,  which  is  the  Mean  Proportional  Number  between  4  and  9* 
For  as  4  to  6y  fo  6  to  9 . 

In  like  manner,  if  I  take  the  Line  C,  refembling  9,  in  a  Scale  of  ^ual 
parts,  and  to  it  open  the  Senior  in  the  terms  of  9  and  9,  in  the  Lines  of 
Superficies,  his  Parallel  between  4  and  4  doth  give  me  the  fame  Line  B, 
which  will  proveto  be  6,  as  before,  if  it  be  meafured  in  the  fame  Scale 
whence  C  was  taken. 

For  the  Figures  1 ,  2,  3, 4,  here  fet  down  upon  the  Line,  do  fome- 
time  fignifie  themfelves  alone:  fometime  io,  20,  30,  40,  &c.  fome- 
time  100,  200,  3  00,  400,  &c .  and  fo  forward,  as  the  matter  (hall, 
requite.  The  fiift  Figure  of  every  Number  is  alway  that  which  is  here 
fet  down  :  the  reft  mu  ft  be  {applied- according  to  the  nature  of  the  Que- 
ftion. 

If  you  fuppofe  Pricks  under  the  Number  given  (as  in  Arithmetical 
ExcraCfion)  and  the  laft  Prick  to  the  left  hand  {"hall  fall  under  the  laft 
Figure  (which  will  be  as  oft  as  there  be  odd  Figures)  the  unite  will  be 
beft  placed  at  1,  in  the  middle  of  the  Line;  fo  the  Root  and  the  Square 
will  both  fall  forward,  toward  the  end  of  the  Line.  But,  if  the  laft 
Frick  fhali  fall  under  die  laft  Figure  but  one  (which  will  be  asofc  as 
there  bs  even  Figures)  then  the  unite  may  be  placed  at  1  in  the  beginning 
of  the  Line,  and  the  Square  in  the  fecond  length  :  or  the  unite  may  be 
placed  at  10,  in  the  end  of  the  Line,  fo  the  Root  and  the  Square  will 
both  fall  backward,  toward  the  middle  of  che  Line. 


8  .  To  find  the  Square  Root  of  a  Number. 

9.  The  Root  being  given,  to  find  the  Square  Number  of  that  Root •. 

.  >  .  \ . 

IN  the  Extraction  of  a  Square  Root  ie  isufual  to  fee  Pricks  under  the 
firft  Figure,  the  third,  the  fifth,  the  feventh,  andfo  forward,  be¬ 
ginning  from  the  right  hand  toward  the  left,  and  as  many  Pricks  as  fall 
to  be  under  the  Square  Number  given,  fo  many  Figures  fhali  be  in  the 
Root:  fo  that  if  the  Number  given  be  lefs  than  10©,  the  root  fhali  be 
only  of  one  Figure;  if  lefs  than  10000,  it  {hall  be  but  two  Figures  5  if 
lefs  than  1 00000,  it  fhali  be  three  Figures,  &£* 

Thereupon  the  Lines  of -Superficies  kre  divided  fiift  into  an  hundred 


A  /, 
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parts,  and  if  the  Number  given  be  greater  than  ioo,  the  firft  Divifion 
(which  before  did  fignifie  only  one)  muft  fignifie  ioo,  and  the  whole 
Line  fhall  be  ioooo  parts :  if  yet  the  number  given  be  greater  than 
ioooo,  the  firft  Divifion  muft  now  fignifie  ioooo  ;  and  the  whole 
Line  be  efteemed  at  1000000  par^s:  and  if  this  be  too  little  to  exprefs 
the  Number  given,  as  oft  as  we  have  recourfe  to  the  beginning,  the  whole 
Lu*e  (hall  increafc  icfelf  an  hundred  times. 

thefe  means  if  rhe  laft  Prick  to  the  left  hand  (hall  fall  under  the 
.laft  Figure,  which  will  be  as  oft  as  there  be  odd  Figures,  the  Number 
given  (hall  fail  out  between  the  Center  of  the  Sebtor  and  the  tenth 
Divifion  :  but  if  the  laft  Prick  (hall  fall  under  the  laft  Figure  but 
one ,  which  will  be  as  oft  as  there  be  even  Figures ,  then  the  Num¬ 
ber  given  (hall  fall  out  between  the  tenth  Divifion  and  the  end  of  the 
Sebfor. 

This  being  confidered,  when  a  Number  is  given ,  and  the  Square 
Root  is  required,  take  a  pair  of  Compares,  and  fstting  one  Foot  in  the 
Center,  extend  the  other  to  the  term  of  the  number  given  in  one  of  the 
Lines  of  Superficies ;  for  this  Diftance  applied  to  one  of  the  Lines 
of  Lines ,  (hall  (hew  what  the  Square  Root  is ,  without  opening  the 
Sebtor. 

Thus  36  doth  give  a  Root  of  6  ;  and  360,  aRootofalmoft  19  :  and 
3600,  a  Root  of  60  •  and  36000,  a  Root  of  189,  &e. 

In  like  manner,  the  neareft  Root  of  725  is  here  found  to  be  (a- 
bout)  27,  the  nsareftRoot  of  7250,  about  8$  :  the  neareft  of  72500, 
about  269  :  and  the  neareft  Root  of  7250.00,  about  851 :  And  foin 
the  reft. 

On  the  contrary,  a  Number  given  may  be  fquared,  if  firft  we  extend 
the  Compaffes  to  the  Number  given  in  the  Lines  of  Lines,  and  then 
apply  that  Diftance  to  the  Lines  of  Superficies,  as  may  appear  by  the  for¬ 
mer  Examples. 

*  1 

io.  Three  Numbers  being  given,  to  find  the  fourth  in  a  duplicated 
Proportion . 

IT  is  plain  (by  Euclid.  Lib.  6.  Prop .19  &  20.)  that  like  Superficies  doth 
hold  in  a  duplicated  Proportion  of  their  homologal  Sides,  whereupon 
a  queftion  being  moved  concerning  Superficies  and  their  Sides :  It  is 
ufual  in  Arithmetick,  that  the  Proportion  be  firft  duplicated  before  the 
Queftion  be  refolved,  which  is  not  neceffary  in  the  Ufe  of  the  Sebfor, 


The  Vfe  of  the  Line  of  Superficies]  j  j 

only  the  Numbers  which  do  fignifie  Superficies,  muft  be  reckoned  in  the 
Lines  of  Superficies,  and  they  which  fignifie  the  Sides  of  Superficies,  in 
the  Lines  of  Lines,  after  this  manner* 

If  a  Queftion  be  made  concerning  a  Superficies,  the  two  Numbers  of 
the  fLft  Denomination  muft  be  reckoned  in  the  Lines  of  Lines :  and  the 
Se$or  opened  in  the  terms  of  the  firft  Number  to  the  quantity  of  a  Line 
out  of  the  Scale  of  Superficies  refembling  the  fecond  Number  ;  fo  his  Pa¬ 
rallels  taken  between  the  terms  of  the  third  Number,  being  meafured  in 
the  fame  Scale  of  Superficies,  fhali  give  the  Superficial  Number  which 
was  required. 

As  if  a  Square,  whofe  fide  is  40  Perches  in  length,  (Hall  contain  10 
Acres  in  the  Superficies,  and  it  be  required  to  know  how  many  Acres  the 
Square  fhould  contain,  whofe  fide  is  60  Perches. 

Here  if  I  took  1  o  out  of  the  Line  of  Superficies,  and  put  it  over  in  40, 
in  the  Lines  of  Lines,  his  Parallel  between  60  and  60,  meafured  in  the 
Line  of  Superficies,  would  be  22  i,  and  fuch  is  the  number  of  Acres 
required.  For  Squares  do  hold  in  a  duplicated  Proportion  of  their  fides $ 
wherefore  when  the  Proportion  of  their  fides  is  as  4  to  6y  and  4  multi¬ 
plied  into  4  become  1 6%  and  6  multiplied  into  6  become  $6y  the  Pro¬ 
portion  of  their  Squares  fhali  be  as  1 6  to  $6y  and  fuch  is  the  Proportion 
of  10  to  22  i. 

If  a  Field  meafured  with  a  Statute  Perch  of  16  i  foot,  fhali  contain 
288  Acres,  and  it  be  required  to  know  how  many  Acres  it  would  contain 
if  it  were  meafured  with  a  Woodland  Perch  of  18  foot. 

Herebecaufe  the  Proportional  is  reciprocal,  if  I  took  288  out  of  the 
Line  of  Superficies,  and  put  it  over  in  18  in  the  Lines  of  Lines,  his  Paral¬ 
lel  between  16%  and  16  ^  meafured  in  the  Line  of  Superficies,  would  be 
242 ;  and  fuch  is  the  Number  of  Acres  required. 

For  feeing  the  Proportion  of  the  Sides  is  as  1 6\  to  18,  or  in 
leffer  Numbers  as  x  r  to  12,  and  that  1 1  multiplied  into  1  x  become 
lit,  and  12  into  12  become  144,  the  Proportion  of  thefe  Super¬ 
ficies  fhali  be  as  121  to  144  >  and  fo  have  288  to  242,  in  reciprocal 
Proportion. 

On  the  contrary,  if  a  queftion  be  propofed  concerning  the  Side  of  a 
Superficies,  the  two  Numbers  of  the  firft  Denomination  muft  be  rec* 
koned  in  the  Lines  of  Superficies,  and  the  Seftor  opened  in  the  terms  of 
the  firft  Number  to  the  quantity  of  a  Line,  out  of  the  Line  of  Lines  or 
fome  Scale  of  equal  parts,  refembling  the  fecond  Number  ;  fo  his  Paral¬ 
lel  taken  between  the  terms  of  the  third  Number  being  meafured  in  the 
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fame  Scale  with  the  fecond  Number,  fhall  give  the  fourth  Number  re¬ 
quired. 

As  if  a  Field  contained  28 8  Acres  when  it  was  meafured  with  a  Sta¬ 
tute  Perch  of  1 6  2  »  and  being. meafured  with  another  Perch, was  found  to 
contain  242  Acres,  it  were  required  to  know  what  was  the  length  of  the 
Perch  with  which  it  was  fo  meafured* 

Here  becaufe  the  Proportion  is  reciprocal,  if  I  took  i<5i:  out  of  the 
the  Line  of  Lines,  and  put  it  over  in  242  in  the  Lines  of  Superficies,  his 
Parallel  between  288  and  288,  being  meafured  in  the  Line  of  Lines, 
would  be  18,  and  fuch  is  the  length  of  the  Perch  (in  Feet)  wherewith  the 
Field  was  lafl  meafured. 

For  feeing  the  Proportion  of  the  Acres  is  as  288  unto  242,  or  in 
the  leaft  Numbers,  as  144  to  121,  and  thac  the  Root  of  144  is  12, 
gnd  the  Root  of  1 2 I  is  1 1,  the  Proportion  of  Roots,  and  confequently 
of  the  Perches,  fhall  beas  12  to  11,  and  fo  are  16  \  to  18-  in  reciprocal 
Proportion. 

If  360  men  were  to  be  fet  in  form  of  a  long  Square,  whofe  Sides- 
fhall  have  the  Proportion  of  5  to  8  ;  and  ir  were  required  to  know  the 
Number  of  men  to  be  placed  in  front  and  file  :  If  the  Sides  were  on?y 
5  and  8,  there  fhould  be  but  40  men;  but  there  are  360  :  therefore,, 
working  as  before,  I  find  that. 

As  40  to  the  Square  of  $  : 

So  $60  to  the  Square  of  I  p 

As  40  to  the  Square  of  8  : 

So  $60  to  the  Square  of  24. 
and  fo  I J  and  2 4  are  the  Sides  required. 

If  1000  men  were  lodged  in  a  fquare  ground  whofe  Side  were  So 
paces,  and  it  were  required  to  know  the  Side  of  the  Square  wherein  5000 
might  befo  lodged*  here  working  as  before,  I  fhould  find  that, 

As  1000,  are  to  the  Square  of  So  : 

So  5000  to  the  Square  of  134. 

And  fuch,  very  aear,  is  the  Number  of  paces  required. 
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II.  Hou  to  defcrlk  a  Tar  alula,  by  help  of  the  Lfht  of  Lints  and  St* • 
perficies, 

UPon  An  as  the  Diameter J  prick 
down ,  by  the  Line  of  Lines ,  the 
equal  Parts  Ao>  Au,  Ay,  A  1,  Am, 

An,  and  from  thefe  Points  raife 

the  Perpendiculars  ox,  uz ,  yg,  Ip, 
inq,  nh,  &*.  And  upon  the  Perpen¬ 
dicular  o  x ,  a  flume  the  Point  x,  and  open 
the  Se&or  in  the  Line  of  Superficies ,  fo 
that  ox  (being  the  firft  Perpendicular) 
may  fall  in  with  the  Points  i  ».•  I  (the  i  % 
firft  of  the  Line  of  Superficies:  )  Then 
if  you  take  off  from  the  fame  Line 
you  (hall  prick  down  u  z ,  and  3  •••  f 
gives  y  g;  and 4 ^  P 5  S  •••  5,  ®  > 

^ 6,  nh ; 

Or,  you  may  begin  your  work  from  nh,  which  (becaufe  it  is 
the  fixth  Perpendicular )  take  from  n  to  h,  the  Point  affumed,  and 
fee  that  length  in  the  Line  of  Superficies  from  6  to  6,  fo  may  you 
prick  down  the  other  Points  correfpondently. 

Through  thefe  Points  h,  q,  p,  g,  with  an  even  hand  draw  the 

Parabola. 

« 

And  here  note,  that  Parabola's  may  be  deferibed  of  infinite  Varie¬ 
ties,  according  to  the  Cones  from  whence  tjiey  are  taken,  yet  keep¬ 
ing  all  one  and  the  fame  length. 


f  a  . 
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i  -  To  find  a  Proportion  between  two  or  more  like  Solids . 

IN  the  Sphere,  in  regular,  parallel,  and  other  like  bodies,  whofe  Sides, 
next  the  equal  Angles  are  proportional,  the  work  is  in  a  manner  the 
fame,  with  that  in  the  nrfl  Proportion  of  Superficies, but  that  it  is  wrought, 
on  other  Lines. 

Take  one  of  the  fidesof  the  greater  Solid,,  and  according  to  it  open  the 
Sedor  in  the  points  of  i  ooo  and  ioqo,  in  the  Lines  of  Solids,  then  take 
the  like  Sides  of  the  leffer  Solids  feverally,  and  carry  them  parallel  to  the 
former,  till  they  flay  in  like  points,  fo  the  number  of  points  wherein  they.* 
flay  (hall  (hew  their  proportion.to  icoo# 

. _ _ _  lo  oo 

A  -g  __ _  4-oq _ , 

Let  A  and  B  be  the  like  Sides  of  like  Solids,  either  the  Diameters ’or^ 
Semidiameters  of  two  Spheres,  or  the  Tides  of  two  Cubes  or  other  like; 
Fiift  I  take  the  fide  A,  and  to  it  open  the  $eftor  in  the  points  of  iooo- 
then  keeping  the  Seftor  at  this  Angle,  I  enter  the  leffer  Side  B  parallel  to 
rhe  former,  and  find  it  to  crofsthe  Line  of  Solids  in  the  points  of  400 
and  fuch  is  the  Proportion  between  the  Solids  required,  which  in  leffer 
Number  is,  as  5  to  2. 

ThisPropoficion  might  have  been  wrought  by  .60,  oranv  other  Mum 
ber  that  admits  feveral  Divifions.  X  wncrwum. 

It  may  alio  be  wrought  without  opening  the  Seder,  for  if  the  fides  of 
the  Solids  given  be  applied  to  the  Lines  of  Solids,  beginning  always  at  the 
Center  of  the  Se^or,  there  will  be  fuch  Proportion  between  them,  as  be- 
tween  the  Numbers  of  parts  whereon  they  fall.  k 


■ 
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2.  To  augment  a  Solid  in  a  given  Proportion. 

3.  To  dimini(h  a  Solid  in  a  given  Proportion* 

'TpAke  the  fide  of  the  Solid  given,  and  to  it  open  the  Seftor,  in  the  ■ 
Jt,  points  of  the  Number  given:  then  keeping  the  Senior  at  that  Angle* 
the  parallel  Defiance  between  the  points  of  the  Number  required,  frail 

give  the  like  Side  of  the  Solid  required*  • 

If  it  be  a  parallcldpipedon.  or  fome  irregular  Solid,  the  other  luce 
Sides  m  iy  be  found  out  in  the  fame  manner,  and  with  them,  the  Solids 
required^  may  be  made  up  with  the  fame  Angles. 


Let  A  be  the  fide  of  a  Cube,  to  be  augmented  in  the  Proportion  of  *-* 
to  2.  Piift,  Ltake  the  fide  A,  and  put  it  over  in  the  Lines  of  Solids  in 
2  and  2 i  fo  the  Parallel  between  3  and  3,  doth  give  me  the  fide  B,  on 
which  if  I  make,  a  Cube,  it  will  have  fuch  Proportion  to  the  Cube  of  A, 

aS  Inlike  manner,  if  B  were  the  Diameter  of  a  Sphere,  to  be  diimnifited 
in  the  proportion  of  3  to  2;  I  would  take  out  B,  and  put  it  over  in 
the  Lines  of  Solids,  in  3  and  fo  the  Parallel  between -a  and  2,  would 
give  me  A;  to  which  Diameter  if  I  fhould  make  a  Sphere,  it  would  be- 
lefs  than  the  Sphere)  whole  Diameter  is  By  in  fuck  proportion  as  2  is* 

Herealfo  for  variety  of  work,  may  the  like  caution  be  obferved  to  that 
which  we  gave  in  the  third  Proportion  of  Lines. 

4,  To  add  one  lik?  Solid  to  another *  ,  ' 

5.  Tofuhratt  one,  like  Solid  from  another* , 

FIrft  the  Proportion  between  the  fides  of  the  like  Solids  given,  is  to  be 
found  by  the  firft  Proposition  of  Solids :  then  add  or  fubtraa  thole 
Proportions,  and  accordingly  augment  or  diminifh  by  the  former  Pro- 

f°  AsTf  A  and  B  were  the  Tides  of  two  Cubes,  and  it  were  requited  to 
make  a  third  Cube  equal  to  them  both :  firft  the  Proportion  between  the 
Tides  A  andB,  would  be  found  to  be  as  too  to  4°i  <*«»  Mer  terms  as 


3  §  the  Vfe  if  the  lam  ef  Stitts! 

5  to  2  :  then  becaufe  $  and  2  being  added  do  make  7,  I  augment  the  fide 
A,  in  the  proportion  of  ?  to  7,  and  produce  the  fide  C,  on  which  if  I 
make  a  Cube,  it  will  be  equal  to  both  the  Cubes  of  A  and  B,  which 
was  required. 


2 

- — 1 

7 

3 

JL 

B 
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In  like  manner  A  and  B  being  the  fides  of  two  Cubesj  if  it  were 
quired  to  fiibtra$:  the  Cube  of  B  out  of  the  Cube  of  A,  and  to  make  a 
Cube  equal  to  the  Remainder.  Here  the  Proportion  being  as  5  to  2,  be¬ 
caufe  2  taken  out  of  5,  the  Remainder  is  3,  I  fhould  diminish  the  fide 
A  in  the  proportion  of  $  to  2,  and  fo  I  fiiould  have  the  fide  D,  on  which 
if  I  make  a  Cube,  it  will  be  equal  to  the  Remainder,  when  the  Cube  of 
B  is  taken  out  of  the  Cube  of  A,  that  is,  the  two  Cubes  made  upon  B  and 
D  {hall  be  equal  to  the  firft  Cube  made  upon  the  fide  A. 

6.  To  find  two  mean  proportional  Lines  between  two  extreme  Lines  given, 

»  ■  -  _ .  :  .  '  •  '  J  "  : 

Firft  I  find  what  Proportion  is  between  the  two  extreme  Lines  given, 
as  they  are  Lines,  by  the  fifth  Propoficion  of  Lines,  then  open  the 
Se£torin  the  Lines  of  Solids,  to  the  quantity  of  the  former  Extreme,  and 
a  Parallel  between  the  points  of  the  number  belonging  to  the  other  Ex¬ 
treme,  fhall  be  that  mean  Proportional,  which  is  next  the  former  Ex¬ 
treme.  This  done,  open  the  Se<ftor  again  to  this  mean  Proportional  in 
the  points  of  the  former  Extreme,  and  the  parallel  Diftance  between 
the  points  of  the  latter  Extreme,  fhall  be  the  other  mean  Proportional 
-required,  4 
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Let  the  two  extreme  Lines  given  be  A  and  D,  the  Proportion  between 
them,  as  they  are  Lines,  will  be  found  to  be  as  27  c ©  8.  Wherefore  I 
take  the  Line  A,  and  put  it  over  in  the  Lines  of  Solids  between  27  and 
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27,  and  keeping  theSe&or  at  this  Angle,  his  Parallel  between  8  and 
doth  give  me  B  the  mean  Proportional  next  unto  A#  Then  put  I  over  this 
Line  B,  between  the  aforefud  27  and  27,  and  this  Parallel  between  8 
and  8  doth  give  me  the  Line  C,  the  other  mean  Proportional  which  was 
required* 

Again,  for  proof  of  the  operation  I  put  over  this  Line  C  in  the  afore- 
faid  27  and  27,  and  his  Parallel  between  8  and  8  doth  give  me  the  very 
Line  D :  whereby  it  is  plain  that  the.'e  four  Lines  do  hold  in  continual 
Proportion  and  fo  B  and  C  are  found  to  be  the  Mean  Proportionals  be¬ 
tween  A  and  D  the  Extreme  given. 

7.  To  find  two  mean  proporlimal  Numbers  between  two  extreme  Num¬ 
bers  given . 

Flrft  reckon  the  Numbers  given  on  both  fides  of  the  Lines  of  Solids, 
beginning  from  the  Center,  and  marking  the  terms  whereto  they 
extend  :  then  take  a  Line  out  of  the  Line  of  Lines,  or  any  other  Scale 
of  equal  parts  refembling  the  former  of  thofe  Numbers,  and  put  it  over 
in  the  Lines  of  Solids,  between  the  points  c£  his  like  Number,  and  a  Pa¬ 
rallel  between  the  points  belonging  to  the  other. Extreme,  mea fured  in  the 
Scale  from  whence  the  other  Parallel  was  taken,-  fhali  give  that  mean  pro¬ 
portional  Number  which  is  next  the  former  Extreme.  This  done  open- 
the  Se&or  again  to  this  mean  Proportional  in  the  Points  of  the  former 
Extreme,  and  the  parallel  Diftance  between  the  points  of  the  latter  Ex¬ 
treme,  meafured  in  the  fame  Scale  as  before,  fhali  there  fhew  the  others 
mean  Proportional  required* 


r  * 
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Let  the  two  extreme  Numbers  given  be  27  and  8,'  if  I  fhall  take  the 
Line  A,  refembling  27  in  a  Scale  of  equal  parts,  and  to  it  open  the  Se&or 
in  27  and  27*  in  the  Line  of  Solids,  his  Parallel  between  8  and  8  do;la 
give  me  B,  for  his  next  mean  Proportional,  and  this  meafured  in  the 
former  Scale  doth  extend  to  1 8.  Then  put  I  over  this  Line  B,  between 
theforefaid  27  and  27,  and  his  Parallel  between  Sand  8  doth  give  me 
G,  for  the  other  mean  Proportional,  and  this  meafured  in  the:former 

Scales 
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Scale  doth  extend  to  12*  Again,  for  proof  of  my  work,  I  put  over  this 
LineC,  between  27  and  27,  as  before,  and  his  Parallel  between  8  and  8 
doth  give  me  D,  which  meafured  in  the  former  Scale  doth  extend  to  8, 
which  was  the  latter  extreme  Number  given  ;  whereby  it  is  plain,  that 
thefe  four  Numbers  do  hold  in  Continual  Proportion :  and  therefore 
18  and  12  are  Mean  Proportionals  between  27  and  8,  which  was  re¬ 
quired. 

If  you  fuppofe  Pricks  under  the  Number  given  as  in  Arithmetical  Ex¬ 
traction, and  that  laft  Prick  to  the  left  hand  fhall  fall  under  the  laft  figure, 
as  in  1728,  the  unite  will  be  left  placed  at  1,  in  the  middle  of  the  Line, 
and  the  Root,  Square  and  Cube  will  all  fall  forward  toward  the  end  of 
the  Line. 

If  the  laft  Prick  fhall  fall  under  the  laft  Figure  but  one,  as  in  17280; 
the  unite  may  be  placed  at  I,  in  the  beginning  of  the  Line,  and  the  Cube 
in  the  fecond  length :  or  the  unite  may  be  placed  at  10,  in  the  end  of  the 
Line,  and  the  Cube  in  the  firft  length. 

But  if  the  laft  Prick  fhall  fall  on  the  laft  Figure  but  two ,  as  in 
172800;  then,  place  the  unite  always  at  10  in  the  end  of  the  Line: 
fp  the  Root,  Square  and  Cube  will  all  fall  backward  and  be  found  in  the 
fecond  length. 

8.  To  find  the  Culique  Root  of  a  Number. 

9.  The  Root  being  given  to  find  the  £ube  Number  of  that  Rocit. 

IN  the  Extraction  of  a  Cubique  Root,  it  is  ufual  to  fet  Pricks  under  the 
firft  Figure,  the  fourth,  the  feventh  and  tenth,  and  fo  forward  omit¬ 
ting  two,  and  prickingthe  third  from  the  right  hand  toward  the  left^ 
and  as  many  Pricks  as  fall  to  be  under  the  Cubique  Numbers,  fo  many 
Figures  ftiall  be  in  the  Root.  So  that  if  the  Number  given  be  lefs  than 
iooo,  the  Root  fhall  be  only  of  one  Figure;  if  lefs  than  1000000,  it 
fhall  be  but  of  two  Figures ;  if  above  thefe,  and  lefs„than  1 000000000^ 
it  fhall  be  but  three  Figures,  &c.  whereupon  the  Lines  of  Solids  are  di¬ 
vided,  firft  into  1000  parts,  and  if  the  Numbers  given  be  greater  than 
1000  the  firft  Divifion  (which  before  did  fignifie  only  one)  muft  fignifie 
1000,  and  the  whole  Line  fhall  be  1000000 :  if  yet  the  Number  given 
be  greater  than  1000000,  the  firft  Divifion  muft  now  fignifie  1000000, 
and  the  whole  Line  be  efteemed  at  iooooooooo  parts,  and  if  thefe  be 
too  little  to  exprefs  the  Numbers  given,  as  oft  as  we  have  recourfe  to  the 
beginning,  the  whole  Line  fhall  increafe  icfelf  a  thoufand  times* 

By 
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By  thefe  means,  if  the  laft  Prick,  to  the  left  hand,  fhall  fall  under 
the  laft  Figure,  the  Number  given  (hall  be  reckoned  at  the  beginning  of 
the  Lines  of  Solidsfrom  1  to  io,  andthefirft  Figure  of  the  Root  fhall 
be  always  either  1  or  2*  If  thelaft  Prick  fhall  fall  under  the  lad  Figure 
but  one,  then  the  Number  given  fhall  be  reckoned  in  the  middle  of  the 
Line  of  Solids,  between  10  and  100,  and  the  firft  Figure  of  the  Root 
fhall  be  always  either  or  or  4.  But  if  the  laft  Prick  (hall  fall  under 
thelaft  Figure  but  two,  then  the  Number  given  {hall be  reckoned  at  the 
end  of  the  Line  of  Solids,  between  100  and  1000. 

This  being  confidered,  when  a  Number  is  given,  and  the  Cubique 
Root  required,  fet  one  Foot  of  the  Compares  in  the  Center  of  the  Se<ftor9 
extend  the  other  in  the  Line  of  Solids  to  the  Points  of  the  Number  gi¬ 
ven  s  For  this  Diftance  applied  to  one  of  the  Lines  of  Lines,  fhall  {hew 
what  the  Cubique  Root  is,  without  opening  the  Sector. 

So  the  neareft  Root  of  8490000,  is  about  204. 

The  neareft  Root  of  84900000,  is  about  439. 

The  neareft  Root  of  849000000,  is  about  947. 

On  the  contrary,  a  Number  may  be  cubed,  if  firft  we  extend  the 
Compares  to  the  Number  given,  in  the  Line  of  Lines,  and  then  apply 
the  Diftance  to  the  Lines  of  Solids,  as  ijiay  appear  by  the  former  Ex¬ 
amples, 


10.  Three  Numbers  being  given,  to  find  a  fourth  in  a  triplicated  Pro¬ 
portion . 


AS  like  Superficies  do  hold  in  a  duplicated  Proportion,  folike  Solids 
in  a  triplicated  Proportion  of  their  homologal  Sides :  and  there¬ 
fore  the  fame  Work  is  to  be  obferved  here  on  the  Lines  of  Solids, 
as  before  in  the  Lines  of  Superficies,  as  may  appear  by  thefe  two  Ex¬ 
amples. 

If  a  Cube  whole  fide  is  4  inches,  fhall  be  7  pound  weight,  and  if  it 
be  required  to  know  the  weight  of  a  Cube  whole  fides  is  7  inches  j  here 
the  Proportion  would  be, 


As  4  are  to  a  Cube  of  7: 
So0]  to  a  Cube  of  37 


Q 


And 
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And  if  I  took  7  out  of  the  Lines  of  Solids^  and  put  it  over  in  4 
and  4,  in  the  Lines  of  Lines,  his  Parallel  between  7  and  7,  tneafu- 
red  in  the  Lines  of  Solid s,  would  be  37  \  $  and  fuch  is  the  weight 
required.  ,  • 

if  a  Bullet  of  27  pound  weight,  have  a  Diameter  of  6  inches,  and  it 
be  required  to  know  the  Diameter  of  the  like  Bullet,  whole  weight  is 
125  pounds ;  here  the  Proportion  would  be, 

As  the  Cttbicftne  Root  of  27,  is  unto  6 , 

So  the  ChI  iqtte  Root  of  12  ^  is  mto  I  o. 

And  if  I  took  6  out  of  the  Line  of  Lines,  and  put  it  over  in  27,  and 
27  of  the  Lure1' oi  Solids,  his  Parallel  between  1  25  and  1 25  meafured 
in  the  Line  of  Lines,  would  be  10  ;  and  fuch  is  the  length  of  the  Di¬ 
ameter  required. 


The  End  of  the  firjl  Book.-  4 
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CHAP.  I. 

^  — 

Of  the  Nature  cf  Sines 3  Chords ,  Tangents 5  and  Secants , 
Jit  to  he  known  before-hand  y  in  reference  to  right-lined 
Triangles . 

IN  the  Canon  ©f  Triangles,  a  Circle  is  commonly  divided  into 
560  Degrees,  each  Degree  into  60  Minutes,  each  Minute  into  60 
Seconds. 

A  Semicircle  therefore  is  an  Ark  of  iSo^r. 

A  Quadrant  is  an  Ark  of  90 gr. 

The  meafure  of  an  Angle  is  the  Ark  of  a  Circle  defcribed  out  of  the 
angular  point,  intercepted  between  the  Sides  fufficiently  produced. 

So  the  meafure  of  a  right  Angle  is  always  an  Ark  of  90gr.  and  in 
this  Example  the  meafure  of  the  Angle  B  A  D  in  the  following  Fi¬ 
gure,  is  the  Ark  B  C  of  40  gr,  the  meafure  of  the  Angle  BAG,  is  the 
Ark  B  F  of  5  ®gr. 

The  Complement  of  an  Ark  or  of  an  Angle  doth  commonly  fignifie 
the  Ark  which  the  given  Ark  doth  want  of  90  gr%  and  fo  the  Ark 
B  F  is  the  Complement  of  the  Ark  B  C,  and  the  Angle  B  A  F,  whofe 

G  2  meafure 
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meafure  is  B  F,  is  the  Complement  of  the  Angle  B  A  C  ;  and  on  the 
contrary, 

The  Complement  of  an  Ark  or  Angle  in  regard  of  a  Semicircle,  is 
that  Ark  which  the  given  Ark  wanted  to  makeup  iSogr.  and  To  the 
Angle  E  A  H  is  the  Complement  of  the  Angle  E  A  F,  as  the  Ark  E  H 
is  the  Complement  of  the  Ark  FE,  in  which  the  Ark  C  E  is  the  excefs 
aboye  the  Quadrant. 


The  Proportions  which  thefe  Arks  (being  the  meafures  of  Angles)  have 
to  the  Sides  of  a  Triangle*  cannot  be  certain,  unlefsthat  which  is  crooked 
be  brought  to  a  {freight  Line,  and  that  may  be  done  by  the  application 
of  Chords,  Right  Sine  sy  far  fed  Sines,  Tangents  and  Secants  to  the  Semi¬ 
diameter  of  a  Circle. 

A  Chord  is  a  right  Line  fubtending  an  Ark :  fo  B  E  is  the  Chord  of 
the  Ark  BCE,  and  B  Fa  Chord  of  the  Ark  B  40  F. 

A  right  Sine  is  half  the  Chord  of  the  double  Ark,  viz.,  the  right 
Line  which  falleth  perpendicularly  from  the  one  Extreme  of  the  gi¬ 
ven  Ark,  upon  the  Diameter  drawn  to  the  other  Extreme  of  the  faid 
Ark* 

So  if  the  given  Ark  be  B  C,  or  the  given  Angle  be  B  A  C,  let  the 
Diameter  be  drawn  through  the  Center  A  unto  C,  and  a  Perpendicular 
B  D  be  let  down  from  the  Extreme  B  upon  A  C,  this  Perpendicular  B  D 
flwll  be  the  right  Sine  both  of  the  Ark  B  C  >  and  alfo  .of  the  Angle 

B  A  C; 
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^  AC:  and  it  "is  alio  the  half  of  the  Chord  B  E,  fubtending  the  Ark 
BCE,  which  is  double  to  the  given  Ark  B  C.  In  like  manner,  the  Se¬ 
midiameter  FA,  is  the  right  Sine  of  the  Ark  F  C,  and  of  the  right 
Angle  FAC;  for  it  falleth  perpendicularly  upon  A  C,  and  it  is  the 

half  of  the  Chord  F  H.  -  , 

'  This  whole  Sine  of  90 £r.  is  hereafter  called  Radtmy  but  the  other 

Sines  take  their  Denomination  from  the  Degrees  and  Minutes  or  their 

P^k  1*  iclS 

Sinm  vtrfm ,  the  Verfed  Sine  is  a  Segment  of  the  Diameter  ,  inter¬ 
cepted  between  the  right  Side  of  the  fame  Ark ,  and  the  Circum¬ 
ference  of  the  Circle.  So  D  C  is  the  Verfed  Sine  of  the  Ark  C  B, 
and  GF  the  Verfed  Sine  of  the  Ark  BF,  andG  H  the  Verfed  Sine  of 

the/V Tangent  is  a  right  Line  perpendicular  to  the  Diameter  drawn  by  the 
one  Extreme  of  the  given  Ark,  and  terminated  by  the  Secant  drawn  from 
the  Center,  through  the  other  Extreme  of  the  laid  Ark. 

A.Secant  is  a  right  Line  drawn  from  the  Center,  through  one  Extreme 
of  the  given  Ark,  till  it  meet  with  the  Tangent  raifed  from  the  Diameter 

at  the  other  Extreme  of  the  faid  Ark.  .  ,  n; 

‘  So  if  the  given  Ark  be  C  E,  or  the  given  Angle  be  C  A  E,  let  the  Di¬ 
ameter  be  drawn  through  the  Center  A  to  C,  and  in  C  to  A  C,  be  raifed 
a  Perpendicular  C  I.  Then  let  another  Line  be  drawn  from  the  Center, 
A  through  E,  till  it  meet  with  the  Perpendicular  C I  in  Ij  the  Line 
C  I  is  a  Tangent,  and  A I  is  the  Secant  both  of  the  Ark  CE,  and  ofc 

,  the  Angle  CAE. 


x 


CHAP. 


CHAP.  II. 

Of  the  general  Vfe  of  Sines  and,  Tangents. 

I.  The  Radius  being  known  ^  to  find  the  right  Sine  of  any  */irk 
or  Angle .  -  ^  ' v 

f 

IF  the  Radius  of  the  Circle  given  be  equal  to  the  lateral  Radius,  that 
is  to  the  whole  Line  of  Sines  on  the  Se&ar,  there  needs  no  farther 
work,  but  to  take  the  other  Sines  alfo  out  of  the  Side  of  the  Se&or. 
But  if  it  be  either  greater  or  lefler,  then  let  it  be  made  a  parallel  Ra¬ 
dius,  by  applying  it  over  in  the  Lines  o f  Sines,  between  90  and  90 
£0  the  Parallel  taken  from  the  like  lateral  Sines,  /hall  be  the  Sine  re¬ 
quired. 

As  if  the  given  Radius  be  A  C,  and  it  were  required  to  find  the  Sine  of 
$$  gt.  and  his  Complement  agreeable  to  that  Radius. 


A  3°  40  S9  60 

1——  ■  1 »— ■  n  ■  ■■■•<  t»  -  ■  1  >  ■-  ^  «— -H  e, 
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Let  A  B,  A  B  reprefent  the  Lines  of  Sines  on  the  Se&or,  and  let  B  B 
die  Diftance  between  9©  and  90,  be  equal  ro  the  given  Radius  A  C. 
Here  the  Lines  A  40,  A  50,  A  9 0  may  be  called  the  lateral  Sines  of  40, 
50,  and  90,  in  regard  of  their  place  on  the  fide  of  the  Sedfor.  The 
Lines  between  40  and  40, between  50  and  jo^between  90  and  9°>may  be 
called  the  parallel  Sines  of  40,  5°*  and  90,  in  regard  they  are  parallel  one 
to  the  other.  The  whole  Sine  of  90 gr.  here  Banding  for  the  Semidia- 
meter  of  the  Circle,  may  be  called  the  Radius.  And  therefore  if  A  C 
be  put  over  in  the  Line  of  Sines  in  90  and  90,  and  fo  made  a  Parallel 
Radius,  his  parallel  Sine  between  50  and  jofhallbeBD,  the  Sine  of  5© 
required.  And  becaufe  5©  taken  out  of  90,  the  Complement  is  40,  his 
parallel  Sines  between  40  and  40  fhall  be  BG,  the  Sine  of  the  Comple¬ 
ment  which  was  required. 

* 

2.  The  right  Sine  of  any  Arh^leing  given  to  find  the  Radii#. 

- 

f 

TUrn  the  Sine  given  into  a  parallel  Sine,  and  his  parallel  Radius  (hall 

be  the  Radius  required.  .  .  c  . 

As  if  B  D  were  the  given  Sine  of  50 gr.  and  it  were  requited  to  tind 

the  Radius,  let  B  D  be  made  a  parallel  Sine  of  50 gr.  by  applying  it  over 
in  the  Lines  of  Sines  between  yo  and  5°,  fo  his  parallel  Radius  between 
■90  and  90  (hall be  A  C,  the  Radius  required. 


5  The  Rodim  of  a  Circle ,  or  the  right  Sine  of  ay  Ark. >  Mnl  g!vf"> 
and  a  freight  Line  refemHlng  a  Sine ,  to  find  the  quantity  of  that 

unknown  Sine ♦ 


LEt  the  Radius  or  right  Sine  given  be  turned  into  his  Parallel*  then 
take  the  light  Line  given,  and  carry  ic  parallel  to  the  former,  till  it 
flay  in  like  Sines,  fo  the  number  of  Degrees  and  minutes  where  it  ftayeth, 

(hall  give  the  quantity  of  the  Sine  required. 

As  if  B  D  were  the  given  Sine  of  an^  BG  the  {freight  Line 

oiven  firft  1  make  B  D  a  parallel  Sine  of  50  gr.  the«  keeping  the 
Senior  at  this  Angle,  I  carry  the  Line  B  G  parallel,  and  find  it  today 
in  no  other  but  4©  and  40,  and  therefore  40  gr.  is  his  Qnancicy 

required.  1 


>  ') 


L 


4.  Thti\ 
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4.  The  Radius  or  any  right  Sine  being  given ,  to  find  the  Ferfed  Sine 
of  any  Ark^ 

IF  the  Ark,  whofe  Verfed  Sine  is  required,  be  lefs  than  the  Quadrant, 
take  the  Sine  of  the  Complement  out  of  the  Radius,  and  the  Remain¬ 
der  fhali  be  the  Sinus  Ferfus-j  the  Verfed  Sine  of  that  Ark. 

As  if  A  B  being  the  lateral  Radius,  it  were  required  to  find  the  Verfed 
Sine  of  4 ogr.  here  the  Sine'of  the  Complement  is  A  50,  and  therefore 
B  50  is  the  Verfed  Sine  required.  Or  if  I  reckon  from  B  at  the  end  of 
the  Sedtor,  toward  the  Center,  the  Difiance  from  90  to  80  is  the  Verfed 
Sine  of  io^t.  from  90  to  70,  the  Verfed  Sine  of  20  gr.  from  90  to  60 
is  the  Verfed  Sine  of  30  gr.  and  fo  in  the  reft. 

If  A  D  be  the  given  Sine  of  50 gr.  and  it  be  required  to  find  the  Ver¬ 
fed  Sine  of  50 gr*  here  becaufe  A  D  is  unequal  to  the  lateral  Sine  of  50 gr. 
I  make  it  a  Parallel.  And  firft  I  find  the  Radius  A  C,  then  the  Sine  of 
the  Complement  A  40,  which  being  taken  out  of  A  C,  leaveth  C  40, 
for  the  Verfed  Sine  of  50  gr.  which  was  required. 

But  if  the  Ark  whofe  Verfed  Sine  is  required,  be  greater  than  the  Qua¬ 
drant,  his  Verfed  Sine  alfo  is  greater  than  the  Radius,  by  the  right  Line 
of  his  excefs  above  90 gr* 

As  if  A  C  being  the  Radius  given,  it  were  required  to  find  the  Verfed 
Sine  of  130 gr.  here  the  excefs  above  9© gr.  is  40 gr.  and  therefore  the 
Verfed  Sine  required  is  equal  to  the  Radius  A  C  and  A  40,  both  being 
fee  togecher. 

5.  The  Diameter  or  Radius  being  ghen,  to  find  the  Chords  of  every 

•Ark: 

l 

THe  Sines’may  be  fitted  many  ways  toferve  for  Chords,  1.  A  Sine 
being  the  half  of  the  double  Ark,  if  the  Sine  be  doubled  ;  it  giveth 
the  Chord  of  the  double  Ark,  a  Sine  of  10  gr.  doubled  giveth  a  Chord 
of  iogr.  and  a  Sine  of  25^.  being  doubled  giveth  a  Chord  of  50  m 
and  fo  in  the  reft;  As  here  B  D,  the  Sine  of  BC,  an  Ark  of  40  ?r. 
being  doubled,  giveth  B  E  the  Chord  of  B  C  E ,  which  is  an  Ark  of 
80 gr.  Wherefore  if  the  Radius  of  the  Circle  given  be  equal  to  the 
lateral  Radius,  let  the  Se&or  be  opened  near  unto  his  length,  fo  that  both 
the  Lines  of  Sines  may  make  but  one  diretft  Line  :  fo  the  Diftance  on  the 
Sines  between  10  and  10  fhali  be  a  Chord  of  20,  the  Diftance  between 

2©and 
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20  and  10  rtiall  be  a  Chord  of  40,  and  the  Diftance  between  30  and  30, 
(hall  be  a  Chord  of  6oy  and  fo  in  the  reft. 

a.  Becaufe  a  Sine  is  the  half  of  the  Chord  of  the  double  Ark,  the  Pro¬ 
portion  holdeth* 


As  the  Diameter  FH  unto  the  Radius  AH,  fothe  Chord  BE  unto 
the  Sine  D  E,  or  the  Chetd  G  L  unto  the  Sine  A  L,  and  then  if  the  Ra¬ 
dius  A  H  be  put  for  the  Diameter,  which  is  a  Chord  of  180  gr.  the  Sine 
DE  or  A  L,  (hall  ferve  for  a  Chord  of  %ogr.  and  the  Semiradius  which 
is  the  Sine  of  Jo gr.  (hall  ferve  for  a  Chord  of  60  gr.  and  go  for  the  Se¬ 
midiameter  of  a  Circle,  and  fo  in  the  reft.  So  that  by  thefe  means  we 
(hall  not  need  to  double  the  Lines  cf  Sines  as  before,  but  only  to  double 
the  Numbers.  And  to  this  purpofe  I  have  fubdivided  each  degree  of  the 
Sines  into  two,  that  fo  they  might  (hew  how  far  the  half  degrees  do  reach 
in  the  Sines ,  and  yet  ftand  for  whole  degrees  when  they  are  ufed  as 
Chords. 

Wherefore  if  the  Radius  of  the  Circle  given  be  equal  to  the  lateral 
Semiradius  (the  Sine  of  30  gr,  and  Chord  of  60  gr.)  there  needs  no  far¬ 
ther  work,  then  to  take  the  Sine  of  io  gr.  for  a  Chord  of  2 ogr.  and  a 
Sine  of  1  $gr,  for  a  Chord  of  30^.  &c. 

But  if  the  Radius  of  the  Circle  given  be  either  greater  or  letter  than 
the  lateral  Semiradius,  take  the  Diameter  of  it,  and  make  it  a  Parallel 
Chord  of  iBo^r.  by  applying  it  over  the  Lines  of  Sines  between  90 

H  ansi 


< 
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and  po  ,  or  take  the  Radius  or  Semidiameter ,  which  is  equal 
the  Chord  of  6ogr.  and  make  it  a  parallel  Radius  of  6ogr .  by  ap¬ 
plying  it  over  in  the  Sines  of  30  and  30,  and  keep  the  Sedlor  at  this- 
Angle.  The  Parallels  taken  from  the  lateral  Chords  fhall  be  the  Chords 
required. 

As  if  the  Diameter  of  a  Circle  given  were  the  Line  A  B,  and  it; 
were  required  to  find  the  Chord  of  80 gr,  Firft  I  make  AB  a  pa¬ 
rallel  Chord  of  180 gr,  or  the  half  of  it  a  parallel  Chord  of  pogr.  fo> 
his  Parallel  L  G,  doth  give  me  F  G  the  Chord  of  8o^r.  which  was 
required. 

3.  Seeing  that  as  the  Sine  of  the  Complement  of  the  half  Ark  is  unro  the 
Radius,  fo  the  Sine  of  the  fame  whole  Ark  is  unto  the  Chord  of  it :  If 
wefeek  but  for  one  fingle  Chords  we  may  find  it  without  either  doub¬ 
ling  the  Sines,  or  doubling  the  Number*  For  applying  over  the  Radius, 
given  in  the  Sine  of  the  Complement  of  half  the  Ark  required,  his  Pa¬ 
rallel  Sine  fhall  be  the  Chord  required. 

As  if  the  Semidiameter  of  the  Circle  given  were  AC,  and  it  were 
required  to  find  the  Chord  of  40 gr.  the  half  of  40  gr*  is  2ogr.  the: 
Complement  of  20 gr,  is  70 gr.  Wherefore  I  make  A  C  a  parallel  Sine 
of  70 gr,  and  his  parallel  Sine  G  L,  doth  give  me  F  G,  the  Chord  of 

gr,  agreeable  to  the  Semidiameter  A  C. 

Having  two  right  Lines  refembling  the  Chord*  and  Fir  fed  Sint,  to  find 
the  ‘Diameter  and  Radius*  ■ 

ft 

Let  the  two  right  Lines  given  be  A  B,  re- 
fembling  the  Chord,.  G  D  the  Verfed  Sine  of 
a  Circle,  whofe  Arch  A  G  B  is  unknown,  and 
and  let  it  be  required  to  find  the  Diameter, 

G  F. 

Having  two  Lines  given  >  the  firft  G  D^ 
the  fecond  AD,  the  half  of  A  B,  we  may 
find  a  third  in  continual  Proportion  (by  the 
fixth  or  nineth  Propofition  of  the  Lines)  and 
that  fhall  be  the  Line  D  F  (18)  the  Sum  whereof  and  of  G  D  gives  the 
Diameter  G  F  (aoj^nd  the  half  thereof  is  the,  Radius  (E  G). 


the  getienl  vje  cfsines  tend  Tingimi.  yt 

"  "N, 

6§  The  Chord  of  any  Arhletng  given9  to  fin&the  Diameter  and  Radius* 


TUm  the  Chord  given  unto  a  parallel  Chord,  and  his  parallel  Semi* 
radius  fhallbe  the  Semidiamecer,  and  the  parallel  Radius  lhall  be 
the  Diameter# 

AsifF  G  be  the  Chord  of  80  gr.  I  put  this  over  in  G  and  L 9  the  Sine 
of  40,  and  Chord  of  8o£r.  and  the  parallel  Chord  of  180^,  giveth 
me  A  B  the  Diameter  required. 


Or  if  I  turn  the  Chord  given  into  a  parallel  Sine  of  the  fame  quantity  * 
his  parallel  Sine  of  the  Complement  of  half  the  Ark,  doth  give  me  the 

As  if  F  G  be  the  given  Chord  of  40  gr.  I  put  it  over  in  u  and  L, 
the  Sines  of  Mgr.  then  becaufe  the  half  of  4c gr.  is  10 g>  and  the 
Complement  of  so gr.  is  70 gr.  I  take  out  the  parallel  Sim  of  7 ogr. 
and  it  giveth  me  A  B  for  the  Semidiameter,  agrtaole  to  that  Chord 

of  4©<gr. 

H  a 


1 


Having 
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Having  the  DUmeter  ef  an  Ellipjis  to  defer  ibe  the  fame  Hpon  a  plain* 

4P  »  .  ,  v.  **' 

If  each  Semidiameter  be  divided,  in  fuch  fort,  as  the  Line  of  Sines 
is  divided,  upon  the  Setfor,,  and  right  Lines  drawn  through  each  divifi- 
on  Perpendicular  to  thofe  Semidiameters  like  unto  Sines ;  The  Points 
where  the  Sines  drawn  through  the  one  Semidiameter  do  meet  the 
Sines  of  the  Complement  drawn  through  the  other  Semidiameter^iall 
be  the  Points  through  which  the  Ellipfis  is  to  be  drawn. 

Let  the  Diameters  be  A  B,D  E,  one  croflTng  the  middle  of  the  other 
in  the  Point  C.  Divide  firft  the  Semidiameters  C  A,  C  B  ;  then  the 
Semidiameters  C  D,  C  E,  like  unto  the  Lines  of  Sines  upon  the  Settor, 
by  the  eighth  Propofition  of  Lines:  So*  the  Ellipfis  (ball  be  drawn^ 
through  the  Points  at  the  meeting  of  the  Sines  of  io  and  of  2©  and 
7°)  of  30  and  60, 


,  » 

Or  (without  the  help  of  the  Line  of  Sines)  we  may  draw  the  Circle 
AFBuponthe Center C,  and  Semidiametcr  A  C,  for  fo,  crofling  the 
Diameter  A  B  with  feveral  Perpendicular  Lines  continued  unto  the 
Circumference  of  the  Circle,  if  we  divide  thefe  ferpendicularron 

tit  hee 
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cither  fide  of  the  Diameter  infuch  fori  as  the  greater  Semidiamete1* 
C  F  is  divided  by  the  leffer,  in  the  Point  D,  and  draw  a  Line  winding 
through,  all  thofe  Points, the  Line  fo  drawn  fhall  be  the  EIJipfis. 

Or  (  without  the  help  of  the  S  eft  or  )  we  may  with  the  Radius  A  C, 
Upon  the  Centers  D  and  E,  deferibe  two  occult  Arches  meeting  in 
the  Points  K  and  L.  Then  taking  between  Cand  K,  any  Number  of 
of  Points  M  N,we  may  from  the  Centers  K  and  L,  with  the  Semidia- 
tnetcr  M  B  deferibe  four  occult  Arches  5  and  with  the  Radius  A  M, 
and  the  fame  Centers  K  and  L,  crofs  them  again  with  other  four  Ar¬ 
ches  in  the  Points  at  O.In  like  manner, from  the  fame  Centers  K  and  L, 
with  the  Radius  N  B,  we  may  deferibe  other  four  occult  Arches;  and 
with  the  Radius  AN>  and  the  former  Centers  crofs  them  again,  with 
four  Arches  in  the  Points  at  P,  and  fo  draw  iheEllipfis  through  the 

Points  OPf&c.  '  .'I 

This  is  (  in  eflfcft  )  as  we  fhould  tye  a  thread  about  A  and  L,and 
then  draw  it  cafily  from  the  Point  A  round  about  the  two  former  Cen¬ 
ters  K  and  L,  until  it  were  brought  to  the  Point  A  again  s  which  is  alfo 
an  e<sfie  way  to  deferibe  an  Ellipfis. 

Thcdiftaneeof  thefe  former  Points  from  either  Semidiamttcr  may; 
be  fet  down  in  Numbers. For  fuppofing  the  leffer  SemidiameterC  D,co 
be  ro,  the  greater  (CB)  to  be  16,  (or  otherwise  divided  1010807 
Number  of  known  Points,)  If  we  have  the  proportion  between  CG. 
and  C  B,  we  may  find  the  length  of  the  Perpendicular  G  I. 

If  the  Proportion  be  as  1  to  2,  the  Perpendicular  will  be  8.  66. 

If  the  Proportion  be  as  2  to  the  Perpendicular  will  be  about 


CB 

CG 

CB 

CG 

GH 

CF 


7*  45* 

As  the  greater  Semidiameter 
to  the  part  given 
So  1  oooo©,  the  Radius 
to  the  Sine  of 
whofc  Complement  is 
As  the  Radius 

to  the  Sine  of  the  Complement  G  H 
So  the  leffer  Semidiameter  C  D 

to  the  Perpendicular.  GI  t 

The  fame  may  alfo  be  found  without  knowing  the  Sines.  For  the 
Perpendicular  G  H  is  a  mean  Proportional  between  AG  and  GB  s 
which  being  known 

As  C  F  unto  E  D,  fo  isG  H  unto  G  I,H 


■V' 
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7.  To  open  the  Settor  to  the  quantity  of  my  Angle  given* 

8.  The  Setter  being  opened ,  to  find  the  quantity  ef  the  Angle* 

IT  is  one  thing  to  open  the  Edges  of  the  Setter  to  an  Angle,  and  ano- 
cher  thing  to  open  the  Lines  on  the  Setter  to  the  fame  Angle.  Foe 
the  Lines  of  Lines  onthe  one  Ode,  and  the  Linesof  Sines  on  the  other 
fide,  do  make  an  Angle  of  2gr .  when  the  Setter  is  clofc  Ihuc,  and  the 
Edges  do  make  no  Angle  at  all.  So  like  wife  the  Lines  of  Superficies 
and  the  Lines  of  Solids  do  make  an  Angle  of  logr .  whidt  are  to  be 
allowed  to  the  Edges. 

The  L;nesof  Lines  may  be  opened  to  a  right  Angle,  if  the  whole 
Line  of  100  parts  be  applied  over  in  80  and  60. 

The  Line  of  Sines  may  be  opened  to  a  right  Angle,  if  the  large  Se¬ 
cant  of  4  fgr.  be  applied  over  in  the  Sines  of  90  gr.  or  if  the  Sine  of 
i9°gr»  be  applied  over  in  the  Sines  of  4  5 gr.  or  if  the  Sine  of  4  5  ^r.bc 
applied  over  in  the  Sines  of  30  gr. 

If  it  be  required  to  open  thofc  Lines  to  any  other  Angle,  take  out 
the  Chord  thereof,  and  apply  it  over  in  the  Semir adieu,  and  thofc  Lines 
fhall  be  opened  to  that  Angle. 

As  if  it  were  required  to  open  the  Setter  in  the  Lines  ef  Sines  to  an 
Angle  of  40 gr.  cake  out  the  Chord  of  $ogr,  and  to  it  open  the  Setter 
in  the  Chord  of  do^r.fo  fhall  theLines  of  Sines  be  opened  to  the  Angle 
required.  Or  if  the  fame  Chord  of  40 gr.  be  applied  over  between 
50,  and  50,  in  the  Line  of  Lines ,  they  fhall  alfo  be  opened  to  the  fame 
Angle.  If  it  be  applied  over  in  25  of  the  Lines  of  Superficies ,  or  125 
in  the  Lines  of  Solids ,  they  alfo  (hall  be  opened  to  the  fame  Angle  : 
becaufe  the  Chord  of  6ogr+  or  Sine  of  jo  gr*  and  50  in  the  Lines  of 
Lines ,  and  25  in  the  Lines  of  Superficies ,  and  125  in  the  Solids ,  are  all 
of  the  fame  length  with  the  Semiradius. 

Or  if  the  by  applied  over  between  the  Sine  of  jo^r.and 

the  Sine  of  the  Complement  of  the  Angle  required,  it  will  open  the 
Lines  of  Sines  to  that  Angle. 

As  if  the  Semiradius  be  applied  over  in  the  Sines  of  30  gr.  and  the 
Sine  of  50 gr.  it  fhall  open  the  Lines  of  Sines  to  an*Angie  0*40  gr. 

On  the  contrary,  if  the  Sefior  be  opened  to  an  Angle,  and  it  be 
required  to  know  the  quantity  thereof,  open  the  Compares  to  the 
SemiraditUy  and  letting 
ward  the  other  Line  of 


one  root  in  toe  bine  ot  30 gr.  turn  the  other  to- 
Sims,  and  it  (ball  fall  there  in  theComplement 
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©f  the  Angle ;  if  it  fall  on  50 gr.  the  Angle  is  40 gr,  if  on  &o  ^r.the 
Angle  is  $ogr.&c* 

Or  take  over  the  parallel  Chord  of  60  gr.  and  meafure  it  in  the  la¬ 
teral  Chord?  and  it  (hall  there  (hew  the  quantity  of  the  Angle.  As  if 
the  Setter  being  opened  to  an  Angle,  I  (hould  take  over  the  Parallel 
©f  30 gr.  of  the  Sines,  and  60 gr.  of  the  Chords,  and  meafure  it  in  the 
lateral  Chords,  find  it  to  be  40 gr,  the  Angle  comprehended  between 
the  Lines  ©£  Sines  is  40  gr.  but  the  Angle  between  the  Edges  of  the  * 
Settor  is  2 gr.  lefs,  and  therefore  but  3&gr. 

9.  To  find  the  quantity  of  any  Angle  given. 

IF  out  of  the  Angular  Point,  to  the  quantity  of  the  Semraditist  be 
defcribed  an  occult  Ark  that  may  cut  both  Tides  of  the  Angle,  the- 
Chord  of  this  Ark  meafured  in  the  lateral  Chord,  fhall  give  the  quan¬ 
tity  of  the  Angle. 

Let  the  Angle  given  be  B  A  C  :  firft  I  take  the  Semiradita  with  the 
Compares,  and  fetting  one  foot  in  A,  I  cut  the  Tides  of  the  Angle  in> 
B  and  C;  then  I  take  the  Chord  BC,  and  meafure  it  in  the  lateral 
Chord, and  I  find  it  to  be  Ei  jnand  15  min.  and  (uch  is  the  quantity  of 
he  Angle  given. 


Or  if  the  Ark  be  defcribed  out  of  the  Angular  Pbint  at  any  other 
diftancf,  let  the  Semidiameter  be  turned  into- a  parallel  Chord  of 
60 gr.  then  take  the  Chord  of  this  Ark,  and  carry  it  Parallel,  till  Iv 
crofs  in  like  Chords :  fo  the  place  where  it  fiayeth  (ball  give  the  quan¬ 
tity  of  the  Angle* 

As  in  the  former  example,  if  I  make  the  Semidiameter  A  B  a  paral¬ 
lel  Chord  of  $0  <r?\and  then  keeping  the  Setter  at  that  Angle, carry  the 
Chord  B  C  parallel, till  it  fiay  to  like  Chords;  I  (hall  find  it  to  ftay  in  no 
other  but  1 1  gr .  1 5  min,  and  fuch  is th«  Angle  B  AG. 

10. 
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i  O.  Vf  on  a  right  Line,  end  a  Point  given  in  it,  to  mate  m  Angle  eand 
■to  any  Angle  given.  “  4 

Flrll  out  of  the  Point  given  deferibe  an  Ark,  cutting  the  Time 
Line:  then  by  the  5  Prop,  afore, find  the  Chord  of  the  Angle  given 
agreeable  to  the  Semidiamecer,and  inferibe  it  into  this  Ark  s-fo  a  ri*ht 
Line  drawn  through  the  Point  given,  and  the  end  of  this  Chord,  (hall 
be  the  fide  that  makes  up  the  Angle. 

Let  the  right  Line  given  be  A  B,  and  the  Point  given  in  it  be  A t  and 
IettheAngJe  given  be  15  min.  Here  I  open  the  Compares  to 
any  Semidiameter  A  B,  (  but  as  oft  as  I  may  conveniently  to  the  late. 
ralSemiradius)  and  fecting  one  footing,  I  deferibe  an  occult  Ark 
B  C  -  then  I  feck  out  the  Chord  of  ugr.  15  min.  and  taking  it  with 
the  Compafles,  I  fet  one  foot  in  B,  tne  other  croffeth  the  Ark  in 
C,  by  which  I  draw  the  Line  AC,  and  it  makes  up  the  Angle  re¬ 
quired.  & 

11.  To  divide  (be  Circumference  of  a  Circle  into  any  parts  required. 

t  \  ^  K%  1  .  i 

IF  360,  the  meafare  of  the  whole  Circumference,  be  divided  by  the 
Number  of  parts  required,  the  Quotient  giveth  the  Chord,  which 
being  found  wiil  divide  the  Circumference. 

So  a  Chord  of  iao^r.  will  divide  the  Circumference  into  three 
equal  parts  ;  a  Chord  or  90  gr.  into  four  parts  3  a  Chord  of  "]igr.  into 
five  parts ;  a  Chord  of  do  gr.  into  fix  parts ;  a  Chord  of  5  1  grX^min. 
into  feven  parts ;  a  Chord  of  45 gr.  into  eight  parrs 3  a  Chord  of  40  or 
into  nine  parts ;  a  Chord  of  3d  gr.  into  ten  parts;  a  Chord  of  iif/ 
44  w/«.  into  eleven  parts ;  a  Chord  of  30 gr.  into  twelve  parts.  &  ’ 
In  like  manner  if  it  be  required  to  divide  the  Circumference  of  the 
Circle  whofe  Semidiameter  is  A  B,  into  313  firft  I  take  the  Semidia¬ 
meter  A  B,  and  make  it  a  parallel  Chord  of  do^then  becaufe  3do  er 
being  divided  by  3  2  the  Quotient  will  be  1  i^r;  1  y  min.  I  find  the  pa- 

rallcl  Chord  of  1 1  gr.  1 5  min.  and  this  will  divide  the  Circumference 
into  ?  2. 

Bit  here  the  parts  being  many,  it  were  better  to  divide  it  firft  into 
fewer,  and  after  to  come  over  it  again.  As  firft  to  divide  the  Circum 
ference  into  4,  and  then  each  4  parts  into  8,  or  ocherwife,  ‘as  the  Dar« 
aiay  be  divided.  r 

12.  To 
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1 2.  To  divide  a  right  Line  by  extreme  and  mean  proportion . 

T'*'  >  ^  *  r  ■  -T  •  •  4 

v  •  ,  * 

THe  Line  to  be  divided  by  extreme  and  mean  proportion,  hath  the 
fame  proportion  to  his  greater  Segment,  as  in  Figures  infenbed 
in  the  fame  Circle,  the  fide  of  an  Hexagon  a  figure  of  fix  Angles,  hath 
to  a  fide  of  a  Decagon  a  figure  of  cen  Angles :  but  the  fide  of  a  Hexa* 
gen  is  a  Chord  of  6o gr.  and  the  fide  of  a  Decagon  is  a  Chord  of  36  gr. 

Let  A  B  be  the  Line  to  be  divided  :  if  I  raakeABa  parallel  Chord 
of  60 gr.  and  to  this  Semiuiameccr  find  A  C  a  Chord  of  36 gr. this  AC 
ihali  be  the  greater  Segment,  dividing  the  whole  Line  in  C,  by  extreme 
and  mean  proportion.  So  that. 

As  A  B  the  whole,  is  unco  A  C  the  greater  Segment  5  fo  A  C  the 
greater  Segment,  unto  C  B  the  lefier  Segment. 

Or  let  A  C  be  the  greater  Segment  given  :  if  I  make  this  a  parallel 
Chord  of  i6gr.  the  correfpondent  Semidiarncter  fhall  be  the  whole 
Line  A  B,  and  the  difference  C  B  the  lefier  Segment, 


Or  let  CBbethe  lefier  Segment  given  :  if  I  make  this  a  parallel 
Chord  of  36  gr.  the  correfpondcnt  Semidiameter  lhal!  be  the  greater 
Segment  A  C,  which  added  to  C  B,  gives  the  whole  Line  A  B. 

To  avoid  doubling  of  L'nes  or  Numbers, you  may  put  over  the  whole 
Line  in  the  Sines  of  72  gr.  and  the  parallel  Sine  of  36 gr.  ihaii  be  the 
greater  Segment. 

Or  if  you  put  over  the  whole  Line  in  the  Sines  of  54  ^r.thc  parallel 
Sine  of  30 gr.  fhali  be  the  greater  Segment*  and  the  parallel  Sine  of 
1  $gr.  fhali  be  the  lefier  Segment® 


I 
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CHAP.  III. 

Of  the  projeSiion  of  the  Sphere  in  VUno. 

• '  "  \  ’  V 

Sect.  I, 

To  Project  the  Sphere  in  PUno ,  by fir  eight  Lines. 

Sphere  may  be  projected  in  PUno  in  freight  Lines,  ss  in  the 
jL  Analemma ,  if  the  Semidiameter  of  the  Circles  given  be  divided 
in  fuch  fort  as  the  Line  of  Sines  on  the  Senior. 

As  if  the  Radius  of  the  Circle  given  were  A  E,  the  Circle  thereon 
deferibed  may  reprefene  the  Plane  of  the  general  Meridian,  which 
divided  into  four  equal  parts  in  E ,  P,  dE,  S,  and  croffed  at  right  Angles 
with  E  dEand  P  S,  the  Diameter  E  dE,  fhall  reprefene  the  Equator, and 
P  Sjthe  Circle  of  the  houroftf.  And  it  is  alfo  the  Axis  of  the  World, 
wherin  P  Hands  for  the  North  Pole,  and  S  for  the  South  Pole.  Then 
may  each  quarter  of  the  Meridian  be  divided  into  90  degrees  from  the 
Equator  towards  the  Poles.  In  which  we  number  23  degress ,30  min.the 
greateft  declination  of  the  Sun  from  E  to  s  North  wards,  fromAstb 
v?  Southwards,  the  Line  drawn  from  $  to  vp  fhall  be  the  Ecliptick, 
and  the  Lines  drawn  parallel  to  the  Equator  through  $  and  vp  fhall  be 
the  Tropick. 

Having  thefe common  Se&ions  with  the  Plane  of  the  Meridian,  if 
we  fhall  divide  each  Semidiameter  cf  the  Ecliptick  into  90  degrees ,  in 
fuch  fort  as  the  Sines  are  divided  on  the  Senior:  The  hrft  30  degr .  from 
A  towards  s  fhall  Hand  for  the  Sign  of  T«  The  $0  degr ,  next  follow¬ 
ing  for  The  reft  of  H  %  £l>  &c.  in  their  order.  So  that  by  thefe 
means  we  have  the  place  of  tiie  Sun  for  all  times  of  the  year. 

If  again  we  divide  A  P,  A  S,  in  the  like  fort,  and  fet  thereto  the 
Numbers  10,  20,  30,  &e.  unto  90  degrees,  the  Lines  drawn  through 
each  of  thefe  degrees  parallel  to  the  Equator  fhall  fhew  the  declinati¬ 
on  of  the  Sun,  and  reprefene  the  Parallels  of  Latitude. 

If  farther,  we  divide  A  E,  A  JE>  and  each  of  his  Parallels  equally 
in  the  like  fort,  and  then  carefully  draw  a  Line  through  each  15  degr. 
foas  it  makes  no  Angle?)  the  Lines  fo  drawn  fhall  be  Eliptical,  and 

reprefens 
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rcprefent  the  Hour-circles.  The  Meridian  PES,  the  hour  of  12  at 
noon ;  chat  next  unto  it  drawn  through  75  degrees  from  the  Center,  the 
hours  of  11  and  r,  that  which  is  drawn  through  60  degrees  from  the 
Center,  the  hours  of  10  and  a,  &c. 


To  thefe  we  may  add  the  months  of  the  year?  and  the  days  of  each 
month, placing  January  about  F y  March  about  E,June  about  JJuly  about 
K,  September  about  E  iE, December  about  the  Tropick  of  if :  and  fo  the 
reft  acecording  to  their  Declination  from  the  Equator. 

Then  having  refpett  unto  the  Latitude,  we  may  number  it  from 

I  2  E  North- 
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E  Northward  unto  Z,  and  there  place  cheZenith  :  by  which,  and  the 
Center,  the  Line  drawn  Z  AN,  fhall  the  Vertical  Circle,  paling 
through  the  Zenith  and  Nadir,  and  through  the  Center  at  A,  in  the 
Points  of  Eaft  and  Weft,  and  the  Line  MAH  crofting  it  at  right  An- 
(hall  reprefent  the  Horizon. 

Thefe  two  being  divided  in  the  fame  fort  as  the  Ecliptick  and  the 
Equator,  the  Line  drawn  through  each  degree  of  the  Semidiameter 
A  Z,  parallel  to  the  Horizon,  fhall  be  the  Circles  of  Altitude,  and 
the  Divifions  in  the  Horizon  and  his  paraftels  (hall  give  the  Azi¬ 
muth, 

Laftly,  If  through  i8^r.  in  A  N,  be  drawn  a  right  Line  IK  parallel 
to  the  Horizon,  it  (hall  fhew  thetime  when  the  day  breaketh,  and  the 
end  of  the  twilight. 

Some  Ufes  of  ihU  Projeftion* 

FOr  Example  of  this  Proje&ion,  let  the  place  of  the  Sun  be  the 
laft  degree  of  the  Parallel  palling  through  this  place  is  L  D, 
and  therefore  the  Meridian  Altitude  ML,  and  the  depreftion below 
the  Horizon  at  midnight  H  D  :  the  Semidiurnal  Ark  L  C,  theSemi- 
nb&urnal  ArkC  D ;  the  Declination  A  B,  the  Afcentional  difference 
,B  C,  the  Amplitude  of  Afccntion  AC.  The  difference  between  the 
end  of  twilight  and  the  day  break  is  very  final!  $  for  it  feems  the  Pa¬ 
rallel  of  the  Sun  doth  hardly  crofs  the  Line  of  twilighr. 

If  the  Altitude  of  the  Sun  be  given,  let  a  Line  be  drawafrom  it 
Parallel  to  the  Horizon:  fo  it  (hall  crofs  the  Parallel  of  the  Sun,  and 
there  fhew  both  the  Azimuth  and  the  Hour  of  the  day.  As  if  the  place 
of  the  Sun  being  given  as  before,  the  Altitude  in  the  morning  were 
found  to  be  20  degrees,  the  Line  F  G  drawn  Parallel  to  the  Horizon 
through  20 degrees  in  AZ,  would  crofs  theParallel  of  the  Sun  in  ®. 
Wherefore  F  0  fheweth  the  Azimuth,  and  L  ®  the  quantity  of  Hours 
from  the  Meridian.  It  feems  to  be  about  half  an  hour  paft  6  in  the 
morning,  and  yet  more  than  half  a  Point  ihort  of  the  Eaft. 

Thediftance  of  two  places  may  be  alfo  (hewed  by  this  Projection, 
their  Latitudes  being  known,  and  their  difference  of  Longitude*. 

For  fuppofe  a  place  in  the  Eaft  of  Arabia ,  having  20  degrees  of 
North  Latitude,  whofe  difference  of  Longitude  from  London  is  found 
by  an  Eclipfe  to  be  5  Hours,  f.  Let  Z  be  the  Zenith  of  London ,  the 
Parallclof  Latitude  for  that  other  place  muft  beLD,  in  which  the 

difference 
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difference  of  Longitude  is  L  O.  Wherefore  ®  representing  the  fitc 
of  that  place,  I  draw  through  ©  a  Parallel  to  the  Horizon  M  H,crof- 
fing  the  Vertical  AZ  near  about  70  degrees  from  the  Zenith,  which 
multiplied  by  2o,(heweth  the  di (lance  of  London ,  and  that  place  to  be 
1400  Leagues.  Or  multiplied  by  6oy  to  be  4200  miles. 

S  i  c  t.  II. 

Toprojeft  the. Sphere  in  PUmyby  Circular  Lines . 

2,'np'He  Sphere  may  be  proje&ed  in  Plano  by  Circular  Lines,  as  in 
i  the  general  Aftrolabe  of  Gemma  Frijius,  by  the  help  of  theTan- 
gent  on  the  fide  of  the  Sctlor. 

For  let  the  Circle  given  reprefent  the  Plane  of  the  general  Meridian 
as  before;  let  it  be  divided  into  four  parts,  and  croffcd  at  right  Angles 
with  E  &  the  Equator,  and  P  S  the  Circle  of  the  Hour  of  6,  wherein 
P  (lands  for  the  North  Pole,  and  S  for  the  South  Pole  :  Lee  eachquar- 
ter  of  the  Meridian  be  divided  into  90  degrees ,  and  fo  the  whole  into 
360,  beginning  from  P, and  fettting  to  the  Numbers  of  10,20,50 ,&c* 
post  &y  180  at S,  270 at  E,  360  at P.  The  Semidiamecers  A  P,  A  j£, 
AS,  AE,  may  be  divided  according  to  the  Tangents  of  half  their 
Arks,  that  is  a  Tangent  of  45  degrees ,  which  isalways  ioooo,  equal 
to  the  Radius,  fhall  give  the  Semidiameter  of  90  degress y  a  Tangent  of 
^degrees  83910,  iball  give  80  degrees  in  the  Semidiameter :  a  Tangent 
of  $5  degrees  y 002  ithdl  give  joydrc.  So  that  the  Semidiameters  may 
bedividedin  fuch  fort  as  theTangentonthe  fidcof  the  to#or,thc dif¬ 
ference  being  only  in  their  denomination. 

-  Having  divided  the  Circumference  and  the  Semidiameters,  we  may 
eafily  draw  the  Meridians  and  the  Parallels  by  the  help  of  the 
Settou 

The  Meridians  are  to  be  drawn  through  both  the  Poles  P  and  S, 
and  the  degrees  before  graduated  in  the  Equator.  The  diftance  of 
the  Center  of  each  Meridian  from  A, the  Center  of  the  Plane,  is  equal 
to  the  Tangent  of  the  fame  Meridian,  reckoned  from  the  general  Me¬ 
ridian  P  jES  E,  and  the  Scmidiamctcrequal  to  the  Secant  of  the  fame 

^As  for  example,  If  I  fhou  Id  draw  the  Meridian  PBS,  which  h 
the  tenth  from  P  JE  S,  the  Tangent  of  10 gr.  176?  3,givcch  me  A  C, 
and  the  Secant  of  1  ogr,  101 543,givethmc  S  C,  wherefore  C  is  the 

Ccnrer 
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Center  of  the  Meridian,  PBS,  andCS  his  Semidiameter  {  fo  AF  a 
Tangent  of  iogr.  36397  fheweth  F  to  be  the  Center  of  PDS,  the 
twentieth  Meridian  from  P  JE  S,  and  A  G  a  Tangent  of  *  3  grn  3©  m, 
45481,  (LewethG  to  be  the  Center  of  PsS,  ^ 


P 


The  Parallels  are  to  be  drawn  through  the  degrees,  in  A  P,  AS,  and 
their  correfpondent  degrees  in  the  general  Meridian .  The  diftance  of 
the  Center  of  each  Parallel  from  A  the  Center  of  the  Plane ,  is  equal 

to  the  Secant  of  the  fame  Parallel  from  the  Pole, and  the  Scmidiametcr 

equal 
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equal  to  the  Tangent  of  the  fame  degree.  As  if  I  fliould  draw  the 
Parallel  of  80  degrees ,  which  is  the  tenth  from  the  Pole  S,  firft  I  open 
the  Gompaffes  unco  A  C  the  Tangent  of  io  degrees  1763?,  and  thisgi- 
veth  me  the  Semidiameter  of  this  Parallel,  whofe  Center  is  a  little 
from  S,  in  foch  diftance  as  101543  the  Secants  S  C  is  longer  than 
iooco,  the  Radius  S  A. 

The  Meridianssnd  Parallels  being  drawn,  if  we  number  the  s  3  degrr 
«o  mini  from  Eros  Northward?,  from  JE  to  vp  Southwards  the  Line 
drawn  from  %  to  fhali  be  the  Ecliptick  :  which  being  divided  in 
fuch  fort  as  the  Semidiameter  A  P,  the  hr  if  30  degrees  from  A  to  $  fhali 
hand  for  the  Sine  of  V  j  the^o  degr.  next  following  for  b;  the  rdf 
for  Hi  in  their.. order. 

If  farther  we  have  refpeft  unto  the  Latitude,  we  may  number  it 
fromE  Northward  untoZ,  and  there  place  the  Zenith,  by  which  and 
the  Center,  the  Line  drawn  Z  A  N,  feall  reprefent  the  verticle  Cir¬ 
cle,  and  the  Line  M  AH,  crofting  it  at  right  Angles,  fhali  reprefenc 
the  Horizon,  and  thefe  divided  in5  the  fame  fort  as  A  P,  the  Circles 
drawn  through  each  degree  of  the  Semidiameter  A  Z, Parallel  to  the  Ho¬ 
rizontal!  be  the  Circles  of  Altitude :  and  the  Circles  drawn  through 
the  Horizon  and  bis  Poles,  fhali  give  the  Azimuths, 

Some  Vfes  of  this  Projection, 

FOr  Example  of  thisProjc&ion,  let  the  place  of  the  Sun  be  in  the 
beginning  of  ss,  the  Parallel  pafting  through  this  place  is  s»  O  L, 
and  therefore  the  Meridian  Altitude  M  L,  and  the  depreftion  below 
the  Horizon  at  Midnight  H  O,  the  Semidiurnal  Ark  L  0,  the  Sem:- 
no&urnal  Ark  O  0,  the  Declination  A  R,  the  Afcenfional  difference 
R  ©,  the  Amplitude  of  the  Afcenfion  A  0. 

Or  if  A  be  put  to  reprefent  the  Pole  of  the  World,  then  /hall 
P  JsSE  ftand  for  the  Equator,  and  P  sS-vyfor  the  Ecliptick,  and 
the  reft  which  before  Rood  for  Meridians,  may  now  ferve  for  particu¬ 
lar  Horizons,  accordingto  their  feveral Elevations.  Then fuppofe the 
place  o i  the  Sun  given  to  be  24  degrees  of  b,  his  Longitude  lhall  be 
P  I,  his  right  Afcenfion  P  H,  his  Declination  H  I.  And  if  the  place 
given  be  19  degrees  of  A,  his  Longitude  /hail  be  P  K,  his  right  Afcen- 
iionPN,  his  Declination  N  K.  Again,  the  Declination  brought  to 
the  Horizon  of  the  place,  fhali  there  fhew  the  Afcenfional  difference  5 
Amplitude  of  Afcenfion^nd  the  like  conclufions  of  the  Globe.  Burl 
r  -  intend 
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intend  not  here  to  lhew  the  life  of  the  Aftrolabe,  bat  the  life  of  the 
Scttor  in  Proje&ion. 

And  after  this  manner  may  a  No£lturnal  be  proje&ed  to  l hew  the 
Hour  of  the  Night,  whereof  I  will  fet  down  a  Type  for  theufe  of 
Seamen  . 


It  confifts,  as  you  fee,  of  two  parts,  the  one  is  a  Plane  divided 
equally  according  to  the  24  hours  of  the  day,  and  each  hour  into  quar¬ 
ters  or  minutes,  as  the  Plane  will  bear :  the  Line  from  the  Center  to 
XII,  (lands  for  the  Meridian,  and  XII  (lands  for  the  hour  of  12  at 
midnight.  The  other  part  is  a  rundle  for  fuch  ftars  as  are  near  the 
North-pole,  together  with  the  twelvemonths,  and  the  days  of  each 
month  fitted  to  the  right  Afcenfion  of  the  ftars.  Thofe  that  have  occa- 
fion  to  fee  the  South-pole,  may  do  the  1  ike  for  the  Southern  Conftel- 
latiens,  and  put  them  in  a  Rundle  on  the  back  of  this  Plane,  and  foie 
may  ferve  for  all  the  World. 

V  /  ;  ,  t  - 


The 
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The  Vfe  of  this  NoUurnaL 


The  Ufe  of  this  No&urnal  is  eafie  and  ready.  For  look  up  to  the 


fliallbe  given  by  the  Tangent  of  n  degrees  45  min.  The  Center  of 
the  Circle  of  Longitude  palling  through  this  Pole  E  T.  and  fliaH 
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intend  not  here  to  ihew  the  life  of  the  Aftrolabe,  bat  the  life  of  the 
SeElor  in  Proje&ion. 

And  after  this  manner  may  a  No&urnal  be  proje&ed  to  0 lew  the 
Hour  of  the  Night,  whereof  I  will  fet  down  a  Type  for  theufe  of 
Seamen . 
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The  Vfe  of  this  Notturnal. 

The  life  of  this  No&urnal  is  eafie  and  ready.  For  look  up  to  the 
Pole,  and  fee  what  Stars  arc  near  the  Meridian  :  then  place  the  Run* 
die  to  the  like  fituation,  fo  the  day  of  the  month  will  (hew  the  hour  ci 
the  Night. 

Sect.  III. 

Another  way  to  PnjeU  the  Sphere  by  Circular  Lines . 

40  •  I  v 

He  Sphere  may  be  projected  in  Plano,  by  circular  Lines,  as  in 

JL  the  particular  Aftrolabe  of  John  Stophlerln ,  by  help  of  the  Tari« 
gent,  as  before. 

For  let  the  Circle  given  reprefent  the  Tropick  of  yp,  let  it  be  divi¬ 
ded  into  four  .parts*  and  qroffed,  at  right  Angles  with  A  C  the  Equi- 
noftial Colure,  and  MB  the Solftitiai  Colure,  and  general  Meridian, 
the  Center  P  reprefenting  the  Pole  of  the  World.  Let  each  quarter  be 
divided  into  90  degrees ,  and  fo  the  whole  into  360,  beginning  from 
A  towards  B.  The  Meridian  P  M  or  P  B,  may  be  divided  according  to 
the  Tangent  of  half  his  Ark.  So  as  the  Ark  from  the  North  Pole  to 
the  Tropick  yp  being  90  degrees ,  and  23  degrees  30  min .  that  is  1 1 3  de¬ 
grees  30  min.  and  the  hair  Ark  56  degree s  45  min.  the  Meridian  (hall 
be  divided  into  90  degrees  and  23  degrees  30  min .  in  fuch  fort  as  the 
Tangent  of  56  degrees  47  min.  on  the  fide  of  the  SeUor  is  divided 
into  degrees  and  half  degrees,  of  which  P  Js  the  Ark  of  the  Equator 
90  degrees  from  the  Pole,  fhall  be  given  by  the  Tangent  of  45  degrees. 
And  P  25  the  Ark  of  the  Summer  Tropick  66  degrees  30  min.  from  the 
Pole,  (ball  be  given  by  the  Tangent  of  3  3  degrees  1 ?  min.  And  the 
Circles  drawn  upon  the  Center  P  through  JE  and  S^ftialJ  be  the  Equa¬ 
tor,  and  the  Summer  Tropick. 

Having  the  Equator  and  both  the  Tropicks,the  Ecliptick  T  $  &  W 
(hall  be  drawn  from  the  one  Tropick  to  the  other,  through  the  intcr- 
fe&ionof  the  Elquator  and  the  Equino&ial  Colure.  And  it  may  be  di¬ 
vided  fitft  into  twelve  Signs'after  this  manner:  PE  the  Arkof  the 
Pole  of  the  Ecliptick  23  degrees  30  min.  from  the  Pole  of  the  World, 
(hall  be  given  by  the  Tangent  of  n  degrees  45  min.  The  Center  of 
the  Circle  of  Longitude  palling  through  this  Pole  E  T.  and  (half 
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be  found  at  D  (  fomewhat  below  B  )  by  the  Tangent  of '66  ^p-eu 
JO  min.  Then  through  D  draw  an  occult  Line  P^a*le' t0  ®“" 
divide  it  on  each  fide  from  D,  in  fuch  fort  astheTa^g  n  •*  1  _  p 

on  the  fide  of  the  Seftor,  allowing  45  degrees  to  be  equall  to >  D b, 
to  the  thirtieth  degree  from  D  toward  the  right  hand,  fiiain ie  tne 
Center  of  the  Circle  of  Longitude  palling  through  E  »  and  •*.  me 


n 


fixtieth  degrees  the  Center  of  =  B  ' The  thjrtieth.gr.  from  D  toward, 
the  left  hand, the  Center  of  K  E  W.  The  fixtiethjthe  Center  of  ~  E  ft. 
And  the  other  intermediate  degrees  (ball  be  the  Centers  to  divide  eac 

fign  into 
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If  farther  we  have  refpett  unto  the  Latitude,  we  may  ( the  Meridi¬ 
an  being  before  divided)  number  it  from  P  Northward  unto  H,  snd 
there  place  the  North  Interte&ion  of  the  Meridian  and  Horizon: 
then  the  Complement  of  the  Latitude  being  numbred  from  P  South¬ 
ward  unto  Z,  fhall  there  give  the  Zenith  $  and  90  degr .  fromZ  South¬ 
ward  unto  F,  fhall  there  give  the  South  interfedlion  of  the  Meridian 
and  Horizon.  The  middle  between  F  and  H  (hall  be  0  the  Center  of 
the  Horizon  F, palling  through  the  beginningof  T  and  ***,  un® 

lefs  there  be  fome  former  errrour. 

All  Parallels  to  the  Horizon  may  be  found  in  like  fort  by  their  In¬ 
ter  fe&  ions  with  the  Meridian,  and  the  middle  between  thofe  Inter- 
fe£f ions  is  always  the  Center. 

The  Azimuths  may  be  drawn  as  the  Circlesof  Longitude  were  be¬ 
fore.  For  the  Circle  of  the  firft  Verticle  T  Z  will  be  found  at  I 
(fotnewhat  near  unto  B)  by  the  Tangent  of  the  Latitude.  And  if 
through  I  we  draw  an  occult  Line  parallel  to  A  C,  and  divide  it  on 
each  lide  from  I,  in  filch  fort  as  the  Tangent  is  divided  on  the  fide  of 
the  Setter,  allowing  45  degrees  to  be  equal  to  I Z,  thefe  Divifions 
(ball  be  the  Centers*  and  the  diftance  from  thefe  Divifions  unto  Z, 
fhall#  be  the  Seraidiam:ters  whereon  to  deferibe  the  reft  of  the 
Azimuths. 

Some  Vfes  of  this  ‘projection, 

FOr  example  of  this  Projcftion,  let©  the  place  of  the  Sun  giveh 
be  1  o  degr,  of  &  :  aright  Line  drawn  from  P  through  this  place 
unto  the  Equator*  (hall  there  ihew  his  right  Afcenfion  T  K,  and  his 
Declination  K  © .  Then  may  we  on  the  Center  P  and  Semidiameter 
®  P  draw  an  occult  Parallel  of  Declination*  eroding  the  Horizon  in 
L*M.  the  Meridian  in  G  and  N.  So  the  right  Lines  PL  and  PM  pro¬ 
duced,  fhall  ihew  the  time  of  the  Suns  rifing  and  fetting,  T  Qjhe 
difference  of  Afcenfion,  R  the  difference  of  Deftenfion,  T.  L  the 
Amplitude  of  rifing,  and  M  the  Amplitude  of  his  fetting,  L  NM 
iheweth  the  length  of  the  night,  Z  G  iheweth  his  diftance  from  the 
Zenith  at  noon,  HNhis  depreifion  below  the  Horizon  at  midnighr. 
And  then  having  the  Altitude  of  the  Sun  at  any  time  of  the  day,  the  In- 
terfe&ion  of  the  parallel  of  Altitude  with  the  parallel  of  Declination, 
Iheweth  the  Azimuth,  and  a  right  Line  drawn  from  P  through  this  la¬ 
ter  feftiorygiveth  the  hour  of  the  day. 

Hz  Sect. 
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Sect,  IV. 

id  third  way  to  Projett  the  Sphere  in  Plano ,  by  Circular  Lines. 

T  He  Sphere  may  be  Proje&cd  in  Plano  by  Circular  Lines,  after 
the  manner  of  the  old  concave  Hemifphere,  by  the  help  of  the 

Tangent  on  the  fide  of  the  Seftor.  . 

For  let  the  Circle  given  reprefent  the  Plane  of  the  Horizon,  let  it 

be  divided  into  four  parts,  and  eroded  at  right  Angles  with  S  N  the 
Meridian,  and  E  V  the  Verticle ;  fo  as  S  may  Hand  lor  the  South,  N 
for  the  North,  E  for  the  Eaft,  Wche  Wed  part  of  the  Horizon,  and, 
the  Center  Z  reprefent  alfo  the  Zenith,  Let  each  quarter  of  the  Ho¬ 
rizon  be  divided  into  90  degrees ,  and  fo  the  whole  into  3#o  degree  sY 
beginning  from  N,  and  fetting  to  the  numbers  of  10,20,30,^.  90  at 

E,  180  at  S,  270  at  W,  360  at  N.  . 

The  Semidiameters  Z  N ,  Z  Sr  may  be  divided  according  to  the  Tan¬ 
gent  of  half  their  Arks:  fo  as  the  Ark  from  the  Zeaich  to  the  Horizon- 
being  90  gr. and  the  half  Ark  4 $gr.  the  Semidiameters  are  to  be  divi¬ 
ded  in  fuch  fort  as  the  Tangent  of  45  gr.  as  was  {hewed  before  in  the 
fecond  Projection.  And  if  from  Z  we  draw  Circles  through  each  of 
thefe  Divifions,  they  fhall  be  Parallels  of  Altitude. 

Then  having  reipeft  unto  the  Altitude,  we  may  (  the  Meridian  be¬ 
ing  before  divided  )  number  it  from  Z  to  &y  and  there  place  the  X'n- 
terfeff  ion  of  the  Meridian  and  Equator.  The  Complement  of  the  La¬ 
titude  from  Z  unto  P,  fhall  there  give  the  Pole  of  the  World,  and  90 
further  from  P,  fhall  there  give  the  other  imerfeftion  of  the  Meridian 
and  Equator. 

The  middle  between  thefe  interfe&ions  fhall  be  A  the  Center  or  the 
Equator,  pafTmg  through  E  and  W,  unlefs  there  be  fome  former  er* 
rnur«  The  incerfeftions  of  the  Tropicks  depend  on  the  Equator.  From 
j£  23  degrees  30  min.  farther  fhall  be  V?  the  imerfe&ion  of  the  Merir 
diao  and  the  Southern  Tropick.  From  23  degrees  30  min.  nearer 
fhall  be  $,  the  InterleClion  of  the  Meridian  and  the  Northern 
Tropick.  The  Inter, feClions  of  the  other/  intermediate  Parallels, 
fell  be  given  in  i  ke  fort,  by  their  degrees  of  didance  from  the  Eqpa- 
sor,and  the  middle  between  thofe  Intersections  is  always  the  Center. 

The  Hour  Circles  may  be  here  drawn  as  the  Azimuths  in  the  third 
Projection,  for  the  Center  of  E  P  W,  the  hour  of  6}  will  be  found 


4* 
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#  at  B,  (  fomewhat  near  unto  N  )  by  the  Tangent  of  the  Latitude,  And 
if  through  B  we  draw  an  occult  Line  parallel  untoE  W,  and  divide 
it  on  each  fide  from  B ,  in  fuch  fort  as  the  Tangent  is  divided  on  the 
fide  of  the  Setter,  allowing  45  degrees  to  be  equal  to  BP*  and  1$  de- 
greet)  for  every  hour,  thofe  Divifions  fhall  be  the  Centers,  and  the  di- 
ilance  from  the  Divifions  unto  P,  fhallbe.  the  Semidiamctcrs*  whereon 
to  deferibe  the  red  of  the  hour  Circles* 


B! 


TheEcliptick  may  be  drawn  as  the  Equator,  For  the  Center  of  * 
that  half  which  hath  Southern  Declination,  fhall  be  given  by  the  Tan¬ 
gent  of  the  Altitude)  which  the  Sun  hath  in  his  entrance  into  W.  And 
the  Center  of  the  other  half  by  the  Tangent  of  his  Altitude,  as 
his  entrance  into  s,  and  it  may  be  divided,  as  in  the  former  Projecti¬ 
on,  or  elfe  by  Tables  calculated  to  that  purpofe. 

To  thefe  Circles  thus  drawn,  if  we  fhall  add  the  months  of  the  year, 
and  the  days  of  each  month,  as  we  may  well  do,  at  the  Horizon,  on 
either  fide,  between  the  Tropicks  •  this  Projection  fhall  be  fitted  for 
themoftufefuIConclufionsof  the  Globe,  as  by  examples  following 
may  appear®  * 

A  •  « 

% 

Some  Vfes  of  this  Projection. 

% 

FOr  the  day  of  the  month  being  given, the  Parallel  that  fhooteth  on 
it, doth  fhew  what  declination  the  Sun  hath  at  that  time  of  the  year® 
And  where  this.Parallel  crofleth  the  Ecliptick>  there  is  the  place  of 
the  Sun.  Or  the  place  of  the  Sun  being  firft  given,  the  Parallel  which 
erofleth  itf  fhall  at  the  Horizon  fhew  the  day  of  the  month.  Either 
of  thefe  then  being  given,  or  only  the  parallel  of  Declination,  we  may 
follow  it,  firft  unto  the  Horizon,  there  the  diftance  of  the  end  of  the 
parallel  from  E  or  W,  fheweth  the  Amplitude ;  the  fame  among  the 
hour-circles  fheweth  the  time  wheti  the  Sun  rifeth  orfetteth.  Then 
having  the  Altitude  of  the  Sunatany  time  of  the  day, the  InterfeCtion 
of  the  Parallel  of  Declination  with  the  Parallel  of  Altitude  fheweeh 
the  hour  of  the  day  $  and  a  right  Line  drawn  from  Z,  through  this 
InterfeCtion  to  the  Horizon,  giveth  she  Azimuth. 

Thus  in  either  of  thefe  Projections,  that  which  is  otherwife  raoft 
troublefome,  is  eafily  done  by  the  help  of  the  Tangent  Line,and  whae 
I  haveTaid  of  this  Line,  the  fame  may  be  wrought  by  Scale  and  Num- 
bers  out  of  the  Table  of  Tangents. 

Note.,  that  if  unto  any  of  thefe  three  lafi  Projections ,  there  be  Medan 
Index  equal  to  the  Semidiameter  of  the  Circle ,  to  move  upon  the  Center 
of  the  Projection ,  and  the  fiducial  edge  thereof  divided  according  to 
the  Tangents  of  half  Arks ,  the  Semidiameters  need  not  be  divide d,  and 
the  Inftruments  will  then  be  fitly  accommodated  to  perform  many  Con- - 
*  clujim  of  the  Sphere .  ^3 
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rl^By  the  former  ways  of  Proje&ing  of  the  Sphere,  the  whole  Are 
of  Dialing  may  be  performed  upon  any  of  them,  but  efpedally  upon 
this  laft,  which  may  be  fitted  to  the  Horizon  of  any  place,  the  manner 
whereof  in  this  place  Ifhall briefly  deliver. 

•  »  •  }  ^  ‘  T  -  ... 

:  '•  V  -  . 

I .  Tor  An  Horizontal  Dial, 


If  freight  Lines  be  drawn  from  the  Center  of  the  Projeftion 
through  the  intercom  of  the  hour  pircles  with  theoutermoft  Cir¬ 
cle  or  Horizon,  thofe  Lines  fo  drawn  fhall  be  the  true  hour  Lines  of 
an  Horizontal  Dial  in  that  Latitude  for  which  the  Projsftion  was 
made,  for  the  hour  Circles  cut  the  Horizon  at  thole  degrees  of  . 

diftance. 

♦ 

*  * 

3,  Tor  an  Ereft  dirt  ft  Norther  South  Dial* 

■ 

If  an  Index  be  divided  as  the  Setnidiameter  of  the  Proje&ion  ZW 
is  on  both  Tides,  and  laid  upon  the  fame  Diameter  WE1,  the  hour 
lines  of  the  Projeflion  will  cut  the  fame  Index  in  fuch  degrees  from 
the  Meridian  on  either  fide,  as  the  hour  Lines  on  fuch  a  North  or  South 
Dial  ought  to  have  upon  the  Plane :  As, 

deg,  min, 

tl  1% 

10  a/ 

9  and  3> 

8  n 

1  5J 

And  thefe  are  the  true  hour  diftance?  for  a  North  or^  South  Plane 
in  this  Latitude  of  51  degrees  lomiv,  for  which  this  Projection  was 
made. 


r  9 


do  cut  the 

Index  at  V- 
*47 

66 


S4C  From  the 

Meridian 
o  9 

42 


The  hour 
Lines  of 


3.  Tor  a  Vertical  DecHnlng'DiaU 

Suppofe  an  upright  Plane  to  decline  from  the  South  Weft  ward  24 
leer.  20  min.  Such  a  Plane  is  deferibed  in  the  third  Book  of  this 
rreatifeCib4p.7v  If  ^ou  lay  your  Indcx<  to  iqdegr.  20  min.  counted 
roraE  towards  S,  and  there  keep  is  fixed?  the  hour  Line^oyh^ 


7% 
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Proicftion  will  cut  the  Index  in  thefe  degrees  from  the  Meridian,  on 
either  fide  thereof,  at  which  they  are  to  be  drawn  upon  the  Dial 


Plane. 


Far  direH  Jnclinm. 


Let  the  Inclining  Plane  be  projefted  upon  the  Scheme,  a  Ruler  laid 
to  the  Pole  of  the  inclining  Plane,  and  to  the  feverai  Points-  where 
the  hours  crols  the  Plane,  the  Ruler  will  cut  theoutermoft  Circle  in 
the  degrees  that  the  hour  Lines  ought  to  have  upon  fuch  an  inclining 

Thus  let  the  Circle  W  &  E,  which  is  the  Equinoftial  Circle,  re¬ 
present  a  Plane  inclining  to  the  Horizon,  a  Ruler  laid  to  the  Pole  of 
the  World  (which  is  the  Pole  of  the  Equinoctial  Circle)  and  thefe- 
veral  interfeftions  of  the  hour  Circles  with  this  Circle,  Aall  cut  the 
ouccrmoft  Circle  in  every  fifteenth  degree,  and  fuch  dtftance  ought 
each  hour  have  from  other  upon  the  Plane* 

5.  For  Declining  inclining  P lanes, 

let  a  Plane  decline  from  the  South  Wedward  24  degrees  2©  min. 
and  incline  to  the  Horizon  Northward  36  degrees,  fuch  a  Plane  is  re- 
pefented  in  the  Diagram  of  the  feventh  Chapter  of  the  third  Book  of 
chis  Treatife,  by  the  Circle  B  M  D*  Now  a  Ruler  laid  upon  the  Pole 
of  this  Plane,  (  which  is  in  the  Line  QH,  90  degrees  diftant  from  M  ) 
and  the  interfc&ions  of  the  hour  Circles  w  ith  the  Plane,  (hail  cut  the 
primitive  or  horizontal  Circle  in  the  degrees  of  diftance  that  there- 
fpeaive  hour  Lines  of  fuch  a  declining  inclining  Plane  ought  to  have 

upon  the  Dial  Plane. 


S  1  c  t. 


cr 


Of  Projecting  of  the  Sphere  upon  Oblifue  Circles . 

N  the  four  firft  Seftions  of  this  Chapter,  Mr  qttntn  hath  fliewed 
how  to  Projeft  the  Sphere  in  Plmi  upon  the  principal  Great  Circles 
^  th.  Cohere,  ni*.  Twice  upon  the  Plane  of  the  Meridian,  once  upon 
the  Tropick  of  V,  or  the  EquinoftiaJ,  (  parallel  thereto  )  and  laftly 
upon  the  Horizon.  "  _ 


I 


of  the  yrtjeffm  of  the  Sphere".  7  } 

Tothefe  Proje&ions  I  think  it  will  not  be  impertinent  (but  very 
beneficial  and  fatisfa&ory  to  the  Reader )  to  (hew  how  the  Sphere  may 
be  Projected  in  Plano  upon  any  Oblique  Circle,  as  upon  any  Plane 
whatfoever  and  howfoever  fituate,  for  all  or  moft  Dial!  Planes  are  Ob¬ 
lique  Circles,  and  are  Horizons  in  fome  part  of  the  World  or  other. 
As  for  Example,  A  Dial  Plane  declining  from  the  South  Weftward 
14  degrees  10  min.  and  inclining  Northward  36  degrees  ( fuch  is  the 
Diall  Plane  in  the  tenth  Chapter  of  the  third  Book  of  this  Treacife  of 
Dialling)  will  in  fome  place  or  other  be  an  Horizontal  Plane :  And  by 
proje&ing  of  the  Circles  of  the  Sphere  in  their  true  portions  upon 
this  Oblique  Plane,  you  fhail  not  only  difeover  in  what  Longitude 
and  Latitude  this  will  be  an  Horizon,  but  will  aifo  delineate  out  unto 
you  the  places  of  the  Hour- lines  proper  for  this  declining  inclining 
Plane,  in  a  quite  different  manner  and  form  than  that  which  Mr  G Pin¬ 
ter  hath  (hewed  how  to  make  the  Dial!  in  the  forementioned  tenth 
Chapter  of  the  third  Book,  by  drawing  the  Plane  upon  the  Horizontal 
Projeftion  for  this  Latitude.  And  feeing  the  difference  of  the  two 
ways  of  working  are  fo  various,  and  the  variety  that  will  appear  in  the 
placingof  the  Circles  of  the  Sphere  in  their  true  poficions  upon  fuch 
an  Oblique  Plane  cannot  but  be  both  beneficial  and  delightful,  I  fhail 
here  infer!  the  manner  how  the  fame  may  be  efte&ed,  not  only  upon 
this,  but  upon  any  other  Oblique  Plane  whatfoever. 

To  proceed  then,  Lee  the  Circle  HXO  D,  represent  a  Dial  Plane 
declining  from  the  South  Weftward  24  degrees  20  min .  and  inclining 
Northward  36  degrees . 

1.  Draw  the  Diameter  H  O,  and  crofs  it  at  right  Angles  with  the 
Line  C  F  meeting  in  the  Center  Q,. 

2.  Take  the  half  Tangent  of  36  degrees,  the  Planes  inclination,  and 
fet  it  from  Q^toZjfo  fhail  Z  be  the  Zenith  of  the  Place. 

3 .  Take  the  half  Tangent  of  54  degrees,  the  Complement  of  the 
Planes  inclination,  and  fet  that  from  Qjo  B,  fo  fhail  B  be  the  Point 
through  which  the  Horizon  of  the  place  muft  pafs. 

*  4.  Take  the  Tangent  of  3  d  degrees  the  Plains  Inclination,  and  fet  it 
from  Q^toC.  Or  take  the  Secant  of  36  degrees ,  and  fet  it  from 
B  to  C,  fo  fhail  C  be  the  Center  of  the  Horizon  H  B  O. 

5.  Take  the  Tangent  of  54  degrees,  the  Complement  of  the  Incli¬ 
nation,  and  fet  it  from  Q^o  F. 

6 .  Take  a  4^#/ 20  min.  out  of  your  Line  of  Chords  and  fet  that 
diftance  from  H  to  c,  from  D  to  d,and  from  O  to  c. 

*  L  7.  A 
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7*  A  Ruler  laid  from  Z  to  c,  d,  and  c,  will  give  the  Point!  W*  5  anil 
B,  for  the  Weft  South  and  Baft  Points  thereof. 

8.  Draw  F  G  perpendicular  to  Q^FjOr  parallel  to  H  0,and  extend 
it  as  far  as  you  fhall  fee  requilite. 

9,  Draw  a  Line  through  the  Points  E  and  W  extending  it  till  it 
crofs  the  Line  F  G  laft  drawn,  at  G,  fo  fhall  G  be  the  Center  of  the 
Meridian  of  the  place  reprefented  by  PZS. 

i  o.  Lay  a  Ruler  from  W  to  Z  and  it  will  cut  the  Circle  in  4,  from 
which  Point  a  fee  5 8  degrees  30  min.  the  Co-latitude  to  h$  and  a  Ruler 
laid  from  W  to  b  will  give  the  Point  P  in  the  Meridian  for  the  Pole  of 
the  World. 

11.  Set  90  degrees  of  your  Chords  from  b  to  /*  and  from  /to  g,  A 
Ruler  laid  from  W  to/ gives  jE  in  the  Meridian  Circle,  for  the  Equi¬ 
noctial  Point,  and  from  W  to  g  gives  M  for  the  South  Pole,  and  a  right 
Line  drawn  through  P  Qjmd  M  fhall  be  the  Axis  of  the  World. 

1 2.  Through  the  Points  W  &  £  draw  the  Equinoctial  Circle,  to 
find  the  Center  whereof, 

1 3.  Divide  W  E  into  two  equal  parts  in  R,  and  raife  the  Perpendi¬ 
cular  R  T,  drawing  it  forth  till  it  meet  with  Q  P  being  extended,  here 
reprefented  by  the  two  Lines  RT  and  QV,  whofc  meeting  fliall  be 
the  Center  of  the  Equinoctial,  which  QJT  extended  would  be  equal 
to  the  Secant  of  the  height  of  the  Pole  above  the  Plane;  Or  if  from 
T  you  draw  a  Line  through  C  it  will  interfcCt  QV  in  the  Center  of 
the  Equinoctial  alfo. 

14.  Divide  MPintwocquall  parts  in  D,  and  draw  DG  at  right 
Angles  to  P  M,  and  extend  D  G  infinitely. 

1 5.  Upon  P,  at  the  diftance  P  D  (  or  any  other )  deferibe  theScmi- 
^rircle  L  D  N,  and  laying  a  Ruler  from  P  to  G  the  Center  of  the  Me- 

:  ridian,  it  will  cut  the  Semicircle  L  D  N  in  L,  at  which  Point  L  begin 
to  divide  LD  N  into  twelve  equal  parts,  and  a  Ruler  laid  froraP 
tbrougfi  each  of  thofe  equal  parts  fhall  give  the  Tangents  of  1$,  30, 
45,  &c.  upon  the  Tangent  G  D  and  fball  be  the  Centers  of  the  fe- 
veral  Meridians,  G  being  the  Center  of  twelve  a  clock,  or  the  Meri¬ 
dian  of  the  Place. 

1 5.  From  the  Center  Ctjhrough  the  Points  where  the  feveral  Meri¬ 
dians  do  cut  the  Primitive  Circle  draw  right  Lines,  and  thofe  Lines 
Aall  be  the  true  hour  Lines  of  a  South  Plane  declining  Weftward 
94  degrees  20  mb*  and  inclining  Northward  36 degrees  in  the  Latitude 
of  5 1  fogrtu  30  min. 

And 


A  brief  Synopfis  of  this  Oblique  Proje&ion. 


HXOD)  the  declining  inclining 
Plain. 

QZ  =  i  Tang.  3(5  d.  =  Plains 
inclination. 

QJB  —  \  Tang.  54  a.  =  Co- 
Plains  inclination. 

QC  ~ Tang.  3 6  d  Or  B  C  =  Se- 
cant.of  3 6  d  =  Plains  indin.and 
is  the  Center  of  the  Horizon. 

QF  =  Tan.54^.—  Co-Plains  inc. 

H  c  =  D  d  =  O  e =24^.20  m.~ 
to  the  Plains  Declination. 

A  Ruler  laid  from  Z  to  c,  d,  e,  will 
give  W,  S  and  E  in  the  Horizon  : 

GP-L-toQF  or  ||  to H  O. 

E  W  extended,  gives  G  the  Center 
of  the  Meridian. 

A  Ruler  laid  from  W  to  Z  gives  a. 

ab=Chord  38  d.30  m.  =  Co-Lac. 

Wb  gives  P  for  the  Pole  of  thejworld 

b  f  =  f  g  =  Chord  90  deg. 

A  Ruler  laid  from  W  to  f  gives  & 
the  Equino<S.  W  g,  gives  M  the 
South  Pole,  and  P  QM  is  the 
Axis  of  the  World. 

Through  W  J£  E,  draw  the  £qui- 
nodfial  Circle. 


W  R  =  R  E  =  \  Tang.  W  E. 

R  T  -J-  to  W  E.  Or,  draw  R  T 
through  the  Center  of  the  Hori¬ 
zon,  and  its  interfedfion  with 
QV  will  be  the  Center  of  the 
Equinoftial. 

QV  andRT  extended,  and  inter¬ 
fering,  gives  the  Center  of  the 
Equinorial  =  Sec.  of  the  Poles 
height  above  the  Plain. 

Divide  M  P  in  2  =  parts  in  D  ancl 
drawD  G  infinitely. 

Upon  P,at  any  diftance,defcribe  the 
Semicircle  L  D  N,  lay  a  Ruler 
from  P  to  G,  it  will  cut  L  D  N 
in  L,  at  L  begin  to  divide  LDN 
into  12=  parts.  A  Ruler  laid 
from  P  to  thoft=  parts,  will  give 
theTangents  of  15,30,4 ^,&c. 
upon  G  D,and  be  the  Centers  of 
the  Meridians,  G  being  the  Cen¬ 
ter  of  1  a. 

Lines  drawn  from  Qjhrough  the 
interfeffions  of  the  Meridians 
with  the  Primitive  Circle  ( re¬ 
prefencing  the  declining  inclining 
Plain  )  fhall  be  the  Hour-Lines. 


Place  this  Synepfts  againft  Page  74  of  the  Sedfor,  fo  chat  it,  together  with 
the  SchemCjmay  lie  out  when  the  Boob  is  (but. 
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And  from  tbU  Scheme  raiy  further  be  found  fhsr> 
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$ .  The  diferenee  of  Meridians  QP  M  if  14  4* 

I,  The  height  of  the  Stile  P  A  is  17  2<$ 

4.  The  diftanoe  of  the  Subftile  and  Meridian  A5C«  4  ?Q 


JNktef  In  like  wanner  might  be  infer  ltd  in  thu  <Proje(li<m$  the  Tropicus 
and  other  Parallels  of  the  Sms  place  or  Declination ;  The 
mtithsy  Almicantharsy  the  Ecliptic 4>  and  other  {either [mall  or 
great )  Circles ;  ees  is  infianced  in  the  Scheme  by  the  Tropic  k.  of 
Cancer ,  which  is  thereon  deferred ;  best  of  thu  Oblige  Projeffliw 
l  have  [aid  enough  fa  this  place9  ®fp 
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CHAP.  IV. 

i.  u  .  '  .  ‘  .t 

Of  the  Re  [elution  of  right-lined  T riangles * 


IN  a>I  Triangles  there  be¬ 
ing  fix  parts,  viz,,  three 
Angles,  and  three  Tides,  any 
three  oF  them  being  given, 
the  reft  may  be  found  by  the 
Senior. 

As  may  appear  by  the 
Prep.  following,  wherein 
for  our  pra&ife  we  may 
ufe  tbefe  Triangles  CEA, 
CEB,  C E  D,  all  which 
are  Refiangled  in  E.  And 
AGFRe&anglcd  inG,  All 
the  reft  confift  of  Oblique 
Angles. 


Ang. 

Gr. 

M, 

5*. 

Lin* 

Parts. 

E 

90 

0 

0 

A  C 

IS 

G 

9 0 

0 

0 

AF 

IOO 

A 

16 

15 

3* 

EG 

28 

D 

36 

52 

12 

C  E 

21 

B 

3  6 

5  2 

I  2 

C  D 

3$ 

B 

143 

7 

48 

B  3 

3S 
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Let  the  SeBorbt  opened  m  the  Line  of  Lines  to  a  right  Angle  (  &$ 
before  was  fhewed  Cap.i,  Prop.j.  )  then  take  out  the  Tides  of  the  Tri¬ 
angle,  and  lay  them,  one  on  one  Line>  the  other  on  the  other  Line,  fo  as 
s-hey  meet  in  the  Center*,  and  mark  how  far  they  extend.  For  the  Line 

taken  > 
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taken  from  the  terms  of  their  extenfion,  fhall  be  the  Bafe  required, 
vU  the  fide  oppofite  to  (he  right  Angle. 

Or  add  the  fq -ares  of  the  two  Tides  (  as  in  Prof  4.  ,  '  , . 

Super  fic.  )and  the  fide  of  the  compound  Square  Ihall 

be  the  *  Bafe.  .  ,  r  ,  the  Triangle  the 

As  if  the  tines  A  E,  C  E,  fhould  be  the  fides  about  Sjpf. 

the  right  Angle,  and  it  were  required  to  find  the  Bafe 

fubtending  the  right  Angle.  .  L  '  ,  , 

Firft,l  let  the  Line.of  Lines  to  a  right  Angle  by  applying  the  whole 
Line  of  i-o  from  6  in  the  one  Line, to  8  in  the  other.  Then  if  the  grea¬ 
ter  of  the  two  Lines  given  be  lefs  than  the  Line  of  Lines,  I  take  the 
greater  of  them  A  E,  and  transfer  it  with  the  Compafies  into  one  of 
the  Lines  of  Lines, and  find,  thar,.in  my  Settor  (  which  is  14  Inches  long, 
and  fo,  the  Line  oi  Lines,  almoft  7  Inches)  it  reacheth  from  the  Center 

10  Again,  I  take  the  leffer  Line  C  E.and  transfer  it  into  the  other  Line 
of  Lines,  and  find,  that  it  reacheth  from  the  Center  unto  1 51,  where¬ 
fore  I  take  thp  difiance  from  1  J.t  unto  5 1 8,  andfucbis  the  length  o£ 

the  Bafe  A  enquired. 

If  either  of  the  Lines  given  be  too  large' for  the  Setter,  then  1  may 
meafuretheffliby  Feet  or  Inches,  as  fuppofe  I  find  the  length  of  AE 
to  be  about  710,  andof  CEtio.  Then  in  the  Line  of  Lines  (  being 
fet,  one  Perpendicular  to  the  other,  as  before  )  I  extend  tht  Compafies 
from  210  unto  7iojand  meafnring  this  extent  in  the  Line  of  Lines,find 
it  to  be  750  parts,  wherefore  I  prick  down  750  parts  in  the  Line  A  C,, 
from  the  fame  Scale  by  which  I  meafured  A  E,  and  C  E.  So,  this  Line 

A  C  fhall  beche  Bafe  required.  _  . 

In  working  by  the  Line  of  Superficies,  .  I. need  no  opening  of  the 
Setter.  For,  taking  the  Line  C  E  with  my  Compafies,  and  meafuring 
it  in  the  Line  of  Superficies  upon  my  S ettor,  I  find  it  near  ij  parts. 

Then  taking  the  Line  A  E,  I  find  it  to  be  about  26?.  Thefe  two  be* 
ingadded  together  make  292:  and  this  extent  is  the  length  of  the 

Bafe  AC  required.  .< 

,  »  ■* 

To  find  tht  Ba {e,  by  having  the  Angles,  and  one  of  the  fits  given,. 


Take  the  fide  given, and  turn  it  into  the  parallel  Sine  of  his  oppofite  : 

fcnelc  ;fo  the  parallel  Radius  fhall  be  the  Bafe.  . 

As  if  the  Line  A  E  were  the  fide  of  a  Rc&anglc  Triangle 

J  nnnniite* 


/ 
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oppofite  to  an  Angle  of  jjgr.  4$,  and  i«  were  required  to  find  the 

Bafe.  „  ,,  . 

Firft,  I  take  the  fide  A  E  with  my  Compaffet,  and  fet  it  over  in  the 
Sines  of  7  jgr.  45 .  So,  the  Parallel  Radius  taken  from  between  9©  and 
90,  will  give  the  Bafe  A  C  required* 

If  the  fide  given  be  fuch  as  cannot  well  be  fitted  over  In  the  Sines  of 
his  oppofite  Angle,  I  may  meafurc  it  by  feet  or  inches,  and  fuppofe  I 
find  the  length  of  A  E  to  be  72©,  then  would  I  take  720  parts  out  of 
the  Line  of  Lines, and  make  it  a  Parallel  Sine  of  gr.  45.  So,  the  Pa¬ 
rallel  Radius  taken  from  between  90  and  90,  and  meafured  in  the  Line 
of  Lines  will  be  found  to  be  about  750  parts:  Wherefore,  I  prick 
down  750  in  the  Line  AC,  by  the  fame  Scale,  whereby  I  meafured 
A  E :  and  this  Line  A  C  (hall  be  the  Safe  required© 

I©  "Tcfind  a  fide  ly  having  the  Bafe  andthe  other  fide  given. 

Let  the  Se&or  be  opened  in  the  Lines  of  Lines  to  a  right  Angle,  and 
the  fide  given  laid  on  one  of  thofc  Lines  from  the  Center  :  then  take 
the  Bafe  with  a  pair  of  Compaffes,  and  fet  ting  one  foot  in  the  term  of 
the  given  fide,  turn  the  other  to  the  other  Line  of  the  Se&or,  and  it 
£hall  there  fhew  the  fide  required. 

Or  take  the  Square  of  the  fide  out  of  the  Square  of  the  bafe  (  as  in 
Prep.  4.  Superfic. )  and  the  fide  of  the  remaining  Square  fliali  be  the 
fide  required© 

Thus  having  A  C  for  the  Bafe,  and  C  E,  for  the  fide  of  a  Rcftangle 
Trknglc  ,  the  other  fide  will  be  found  to  be  A  E. 

Or, if  AC,  being  meafured,  bc75®,  and  C£,  210,  theotherfide 
A  B  will  be  found  to  be  720© 

To  find  a  fide  having  the  Bafey  and  the  Angles  given. 

Take  she  Bafe  given,  and  make  it  a  Parallel  Radius,  fothc  parallel 
Sines  of  the  Angles,  fliall  be  the  oppofite  fides  required. 

Thus  in  the  Re&angle  A  E  C,  if  A  C  be  made  a  Parallel  Radius, the 
Parallel  Sine  of  75 gr.  45,  will  give  the  fide  A  E;  and  tfc.e  Parallel 
Sine  of  16 gr.  1 5.  will  give  the  other  fide  C  E. 
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5.  To  finis  fiit  by  having  the  other  fide  and  the  Angles  given! 

*  /  \ 

Take  the  fide  given,  and  turn  it  into  his  Parallel  Sine  of  his  oppofite 
Angle;  fo  the  Parallel  Sine  of  the  Complement  ffaall  be  the  fide  re- 

<i  •  ■  * 

Thu*  in  the  Rettangle  DEC,  if  CE  be  made  a  Parallel  Sine  of 
<%gr.%  m.  the  parallel  Sine  of  3  6gr.  5 1  m.  will  give  the  fide  E  D-  and 
the  Parallel  Sine  of  90 gr.  will  give  the  Bafe  C  D. 

6.  To  find  the  Angles  bj  having  the  Bafe  and  one  of  the  fidesgiven, 

Firft,  take  out  the  Bafe  given,  and  laying  it  on  both  fide*  of  the 
Seftor,  fo  as  they  may  meet  in  the  Center,  and  mark  ho  w  far  it  ex-, 
tendeth.  Then  take  out  the  lateral  Radius,  and  to  it  open  the  Setter 
in  terms  of  the  Bafe.  This  done,  take  out  the  fide  given,  and  prtace 
it  alfo  on  the  fame  Lines  of  the  Setter  from  the  Center.  For  the  Pa¬ 
rallel  taken  in  the  terms  of  this  fide,  fhall  be  the  Sine  of  his  oppofite 

A*Or take  the  bafe  given, and  make  it  a  Parallel  Radius ;  then  take  the 
fide  given,  and  carty  it  parallel  to  the  Baft,  till  it  flay  in  like  Sines :  fo 
they  ftall  give  the  quantity  of  the  oppofite  Angle. 

Thus  in  the  Rettangle  A  E  C, having  the  Bafe  AC, and  the  fide  A  E, 

you  may  find  the  Angle  C  A  E, to  be  s&gr,  15% 

7.  To  find  the  Angles  by  having  both  the  fides  given. 

Take  out  the  greater  fide, and  lay  it  on  both  fide*  of  the  Setter,  fo. 
as  they  meet  in  the  Center,  and  mark  how  far  it  extendeth.  Then  take 
the  other  fide,  and  to  it  open  the  Setter  in  the  terms  of  the  greater 
fide  j  fo  the  Parallel  Radius  (hall  be  the  Tangent  of  the  leffer  Angle. 
The  third  Angle  is  always  known  by  the  Complement; 

Thus  in  the  Rettangle  DEC,  having  the  Tides  C  E,  and  El>,  yon 
may  find  the  leffer  Angle  E  CD  tobe  tfgr.  J2  w.  and  therefore  the 
other  AngleEDCtobe  jjd.  8  w. 

8.  The  Raditu  being  given ,  to  find  the  Tangent  and  Semt  of  an? 
Arkt 


9.  The  Tangent  of  an)  Arming  given,  to  find  the  Secant  thereof,  and 

the  Radius. 

10.  The  Secant  of  any  A?k.  being  given,  to  find  the  Tangent  thereof 

and  the  Radius. 

The  Tangerit>  and  the  Secant,  together  with  the  Radius  of  every 
Ark,  do  make  a  right  AngleTrianglej  whofe  Tides  are  the  Radius  and 
Tangent,  and  the  Bafe  always  the  Secant  ;  and  the  Angles  always 
known  by  reafon  of  the  given  Arks,  As  in  the  Re&angle  A  EC,  if  on 
the  Center  A,  and  Semidiameter  AE,  you  defcribe  a  Circle,  then 
make  A  E,  to  be  the  Radius,  and  E  C,  a  Tangent  of  16.  ijandACa 
Secant  of  \6gr.  i$  m. 

If  you  defcribe  a  Circle  on  the  Center  C,  and  Semidiameter  C  E, 

.  then  is  CE  the  Radius  and  E  A,  a  Tangent  of  75  gr.  4?  m.  and  C  A  a 
Secant  of  75  45. 

Wherefore  the  Solution  is  the  fame  with  thofe  before. 

»  *  *  *  '  •  . 

In  any  right -  lined  Triangle  whatf )ever, 

1 1.  To  find  a  fide  by  knowing  the  other  two  fides,  and"  the  Angle  con¬ 

tained by  them. 

Let  the  SeUor  be  opened  in  the  Lines  of  Lines  to  the  Angle  given 
a*  I  fhewed  before,  Cap .  i.Prop.  7.  Then  takeout  the  fides  of  the  Tri¬ 
angle,  and  laying  them  the  one  on  the  one  Line ,the  other  on  the  other, 
fo  as  they  meet  in  the  Center,  mark  how  far  they  extend.  For  the 
line  taken  between  the  terms  of  their  Extcnfion,  fhall  be  the  third  fide 
required. 

As  if  A  C  and  A  D  were  two  fides  of  a  right  lined  Triangle  con¬ 
taining  an  Angle  of  16 gr.  16  m.  and  it  were  required,  to  find  the  third 
fide  fubtendingthis  Angle. 

Fir  ft,  I  fet  the  Lines  to  an  Angle  of  t  6.  1 6  m.  by  apply  ing  the  Sine 
of  8  gr.  8  m.  over  in  the  Points  of  50  and  yo,  in  the  Line  of  Lines. 
That  done,  I  take  the  longer  Line  AD,  and  transfer  it  with  my  Com¬ 
pares  into  one  of  the  Lines  of  Lines,  and  find  it  to  reach  from  the  Cen¬ 
ter  to  720,  ^ 

Again,  I  take  the  leffer  L;ne  A  C,and  transfer  it  into  the  other  Line 
oi  Lines,  where  it  rcachcth  from  the  Center  to  540,  whercforc>I  take 
the  diftancefrora  540  to  710,  and  fuch  is  the  length  of  the  third  fide 
C  D  required. 

*  ’’  T  /  >  »  Or 


/ 
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Or  (if  the  Lines  be  given  in  mcafure  )  A  D  ioo,  and  AC  75,  I  ex' 
tend  the  Compaffes  from  xoo  to  75,  and  meafuring  this  extent  in  the 
Line  of  Lints,  find  to  be  Whereupon  I  take  35  parts  out  of  the 
Scale,  by  which  AC,  and  AD  were  meafured,  and  prick  them 
down  in  the^Line  C  D.  So,  this  Lins  C  D  ihall  be  the  third  fide 
required. 

1 2. To  find  a  fide  by  having  the  other  two  fides ,  and  one  of  the  adjacent  An¬ 
gles ,  fo  it  be  known  which  of  the  other  Angles  is  Actite  or  Obliyne. 

Let  the  Settor  be  opened  in  the  Line  of  Lines  to  the  Angle  given,  and 
the  adjacent  fide  laid  on  one  of  thofe  Lines  from  the  Center ;  then  take 
the  other  fide  with  a  pair  of  Compares,  and  fetting  one  foot  in  the  term 
of  the  former  given  fide,  turn  the  other  to  the  ocher  Line  of  the  Settor 
which  here  reprcfenteth  the  fide  required)  and  it  fhali  crofs  it  in  two 
places  ;  but  with  which  df  them  is  the  term  of  the  fide  required,  mu  ft 
be  judged  by  the  Angle. 

As  if  in  the  Triangle  following,  the  fide  AC  being  given,  and  the 
fide  CD  and  the  Angle  C  A  D  i6gr,i6m.  it  were  required  to  find  the 
fide  AD. 

Firft,  I  open  the  Se&or  in  the  Line  of  Lines  to  an  Angle  of  1 6  gr . 

1 6  m.  and  laying  the  adjacent  fide  from  the  Center  A,  find  where  it 
extendeth  in  C.  Then  I  take  the  other  fide  C  D  with  the  Compaf- 
fes,  and  fetting  one  foot  in  C*  and  turning  the  other  to  the  other  Line 
of  the  Settop  I  find  that  it  doth  crofs  it  both  in  B  and  D. 

Or,  ( if  the  Lines  be  given  in  meafure  )  A  C  75 ,  and  C  D  3  5 ;  I  may 
take  35  out  of  the  Line  of  Linesy  and  fetting  one  foot  in  75, 1  fhall  find 
the  other  foot  to  crofs  the  other  Line  of  the  Senior ,  both  at  44  (  an- 
fwerablc  cd  A  B  )  and  at  1 00  (  anfwerable  to  A  D. ) 

So  that  it  is  uncertain  whether  the  fide  required  be  A  B  or  A  D,  on¬ 
ly  it  may  be  judged  by  the  Angle.  For  if  the  inward  Angle  where 
they  crofs  be  Obtufe,  the  fide  required  is  the  teller ;  if  it  be  Acute*  it 
is  the  greater. 

15,  To  find  a  fide  by  having  the  Angles ,  and  one  of  the  other  fides  given. 

Take  the  fide  given, and  turn  it  into  the  Parallel  Sine  of  his  oppo- 

“  the  other  Angle  (hall  be  the  op- 

M  As 


fite  Angle;  lo  the  Parallel  Sines  < 
pofite  Tides  required. 


%z  Of  the  Resolution  of  right-lined  Triangles, 

As  if  in  the  Triangle  ABC?  having  the  fide  A  D,  and  knowing 
the  Angle  C  A  B  to  be  1 6  gr.  i  6  m.  and  the  Angle  A  B  C  to  be  143 
^.8  it  were  required  to  find  die  other  two  fides,  AC,  and  B  C. 

The  three  Angles  of  a  right- lined  Triangle,  are  always  equal  co 
i8o^r.  wherefore  I  add  *6gr.  16m.  unto  i^gr.  8  and  by  the 
remainder  to  1 8o£r. find  the  third  Angle  A  C  B  oppofite  to  the  known 
fide  A  B,  co  be  20 gr,  3  6  m.  Then  I  take  the  fide  A  B,  and  make  it  a 
Parallel  Sine  of  20  gr ,  36/#. 

So,  his  Parallel  Sme  or  16  dcgr,  16  m.  will  be  the  the  fide  B  C  3  and 
the  Parallel  Sine  of  143  degr.  8  m.  will  be  the  fide  A  C. 

Or  if  meafuring  the  tide  A  B,I  find  it  co  be  44  ;  I  may  take  44  parts,, 
either  out  of  the  Line  of  Lines,  or  o  t  of  any  other  Scale  of  equal 
parts,  and  make  it  a  Parallel  Sine  of  20 gr,  36  m.  So  his  Parallel  Sine  of 
16  gr,  16  m,  meafured  in  the  fame  Scale,  will  give  35  for  the  length  of 
the  fide  B  C :  and  the  Parallel  Sne  of  gr.^im.  will  give  7  5?  for  the 
length  of  the  ocher  fide  A  C. 

When  the  Angle  comes  to  be  above  90 gr,  the  Sine  of  80 gr,  doth 
dind  fcr.a Sine  of  ioo^r.  and  thtSineof  70 gr,  foraSineof  no^, 
and  fo  the  rdf ;  for  chofe,  which  are  their  Complements  to  180  gr . 

14.  To  find  the  proper tion  of  the  fides  by  having  th$  three  Angles. 

Take  the  lateralSines  of  the  Angles,  and  meafure  them  in  the  Lire 
of  Lines.  For  the  numbers  belonging  co  thofe  Lines  do  give  the  pro¬ 
portion  ol  the  fides.  fA  yfi 

Thus,  in  the  two  equi-angle  Triangles  A  E  C,A  G  F,  if  you  take  the 
lateral  Sine  of  90 gr.  for  the  right  Angle  acEandG,  and  meafure  it 
in  the  Line  of  Lines,y  on  fhall  find  it  to  be  loo,  Then  take  the  lateral 
Sine  of  16 gr,  1 6  m.  for  the  common  Angle  at  A,  you  fhall  find  it  to 
bt  28.  Take  the  lateral  Sine  of  73.gr.  44  m.  For  the  third  Angle  at  C 
and  F,  you  (hall  find  itco  be  96.  Such  therefore  is  the  proportion  of 
the  fides. 

As  100  :  96,28::  So  are y$  t  72.  21. 

25.  To  find  an  Angle ,  by  knowing  the  Three  fides. 

Let  the  two  containing  fides  be  laid  on  the  Lines  of  the  SeUory  from 
the  Center?  one  on  one  l  ine5  and  the  other  on  the  other ;  and  let  the 
third  fide,  which  is  oppofite  to  the  Angle  required,  be  fitted  over  in 
iheir  terms,  fo  fhall  the  Seftor  be  opened  in  thofe  Lines  to  the  quantity 
■of  the  Angle  required,  *  The 
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t 

The  quantity  of  this  Angle  is  found  as  in  Cap. 2.  Pr$p  8.  Thus  having 
the  three  fides  of  the  Triangle  A  C  D,  to  find  the  Angle  at  A,  I  t^ke 
the  two  containing  fides  A  D,  A  C,  and  transfer  them  wirhmyCom- 
paffes  into  the  Line  of  Lines :  where  I  find  the  one  to  reach  from  the 
Centgr,  to  72  ;  the  other,  to  54* 

Then  I  take  C  D,(  the  fide  oppofite  to  the  Angle  at  A  )  and  fee  that 
over  between  72  and  54. 

Or  if  the  three  fides  be  given  in  meafure  A  D  105;  A  €7$;  CD  35: 
3  might  cake  $  5  for  the  fide  C  D  out  of  the  Line  of  Lines  >  and  fet  that 
over  from  100  to  75.  This  done  Itake  thedifiance  between  50  and  50 
and  meafuring  it  in  the  Line  of  Sines  I  find  it  to  be  about  8^.  8  m.  the 

double  whereof  isi6g.r.  16  the  Angle  required. 

* 

16.  To  find  an  Angle,  by  having  two  fides,  and  one  adjacent  Angle. 

Fir#  take  out  the  fide  oppofite  to  the  Angle  given,  and  laying  ic  oa 
both  fides  of  the  Sc&or,  fo  as  they  meet  in  the  Center,  mark  how  far 
itextendech;  then  take  out  the  lateral  Sine  of  the  Angle,  and  to  it 
open  the  Sedor  in  the  terms  of  the  firrt  fide :  this  done  take  out  the 
other  fide  given,  and  place  italfoonthe  fame  Lines  of  the  Sc&or  from 
the  Center,  for  the  Parallels  taken  in  the  terms  of  this  fide;  fiiali  be 
the  Sine  of  the  Angle  oppofite  to  the  fecond  fide. 

Or  takeout  the  fide  oppofite  to  the  Angle  given,  and  make  it  a  Pa- 
rallelSineof  that  Angle:  then  take  the  other  fide  given  and  carry  it 
Parallel  to  the  former ,  till  it  ftay  in  like  Sines :  fothey  (hall  give  the 
quantity  of  the  Angle  oppofite  to  the  fecond  fide. 

Thus  in  the  Triangle  A C  D,  knowing  two  fides  AC,CD,  with  the 
Angle  CAD  oppofite  to  the  fide  C  D,you  may  find  the  Angle  ADC 
oppofite  to  the  ocher  known  fide  AC,  to  be  about  16  gr.  5  2  m. 

17.  To  find  an  t/fngle  by  having  two  fides,  and  the  Angle  contained  by 

them . 

Pirfl  find  the  third  fide  by  the  1 1  Prop*  and  then  the  Angles  tftay  be 
found  by  the  15  or  1 6  Prop . 

For  observation  of  Angles,  the  Se&or  may  have  fights  fet  on  the 
movable  foot:  fo  that  by  looking  through  them, the  edges  of  the  Seftor 
may  be  applied  to  the  fidci  of  the  Angle. 

M  2  For 
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For  meafuring  of  the  fide  of  letter  Triangles, 
any  Scale  may  lattice,  cither  of  feer,  or  inches,  or 
letter  parts.  Bat  for  greater  Tri  ingles,  efpecially 
for  plotring  of  grounds.  I  hold  it  fit  to  life  a  chain 
of  four  Perches  in  length,  each  Perch  divided  in¬ 
to  25,  and  the  whole  Chain  an  hundred  Links, 
wherein,  if  the  whole  Chain  be  (according  ro  1 6  \ 
foot  in  a  Perch  )  66  foot,  (that  is  792  inches) 
each  feveral  Link  will  be  feven  inches  and  ff  r. 

•  If  (according  to  18  in  the  Perch)  the  whole 
Chain  be  72  feet  in  length  (that  is,  864  inches) 
then  each  feveral  Link  will  be  eight  inches 
and 

For  fo  the  length  being  multiplied  into  the 
breadth,  the  five  laft  Figures  give  the  content  in 
Roods  and  Perches  by  this  Table;  the  other  Fi¬ 
gures  towards  the  left  hand  dofhewthe  number 
of  Acres  dire&ly. 

As  in  a  long  Square,  where  the  length  is  24 
Chains  \  the  breadth  1 3  Chains  \  the  ufual  way 
is,  to  refolve  the  Chains  into  Perches:  So  the 
length  is  97  Perches,  and  the  breadth  54  Perches. 

Thefe  multiplied  one  into  the  other  make  5238 
fquare  Perches,  and  thofe  (  divided  by  160  )  give 
3  2  Af  es,  2  Roods*  and  3  8  Perches  for  the  content 
required.  '  V 

But,  reckoning  by  Chains  and  Links,  the  length 
is  24  Chains  25  Links,  th$  breadth  13  Chains  50 
Links.  Thefe  multiplied  one~mro  the  other  make 
32.7375°  fquare  Links.  Then,  cutting  off  the 
five  Jalt  Figures,  I  find  32  Acres  73750  lin.  fuch 
as  an  ioocoo  domake  an  Acre,  Or  which  70000 
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are  equal  to  two  Roods  32  Perches :  and  the  reft  375©  equal  to 
6  Perches  more  (as  appearethby  this  Table.)  So,  the  whole  content 
is  32  Acre??  2  Roods,  38  Perches,  as  before. 
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CHAP.  V.  . 

Of  the  Refolution  of  spherical  Triangles* 

F Or  our  'pra&ife  in  SphericalTriangles,  let  A  be  the  Equino&ial 
Point,  A  B  an  Ark  of  the  Ecliptick,  representing  the  Longitude 
of  the  Sun  in  the  beginning  of  ,B  C an  Ark  of  the  Suns  Declination 
from  the  Equator,,  and  A  Gap  Ark  of  the  Equator  representing  the 
right  Afccnt'ion.  ,  ""L  :  . 

* /  \  .  k-  •  .  ..  .  v* 

.  ■  ■  f 

B 


Let  B  D  be  an  Ark  of  the  Horizon,  representing  the  Amplitude  of 
the  Suns  rifing  from  the  Eaft,  and  B  E  an  Ark  of  the  Horizon  for  his 
Setting  from  the  Weft:  SoDCfliall  be  the  difference  of  AScenfion* 
and  G  E the  difference  of  DeScenfion ;  AD  the  Oblique  Afcenfionr 
and  A  E  the  Oblique  Defcenfion  of  the  Same  place  of  the  Sun  incur 
Latitude  at  Oxford  of  Vgr.qtm.  whofe  Complement  38 gr.  1$  m; 
is  the  Angle  at  E  and  D*  The  Triangles  A  GB  ,  D  C  B,  ECB,  arc: 
Reaangled  in  C  :  the  other  A  D  B,  A  E  B>  confift  .every  way  of  Ob¬ 
lique  Angles  #  nc 

Or,  to  fit  an  Example  nearer  to  the  Latitude  of  London .  Let  Z.  1  s  re-* 

prefcne  the  Zenith,  Pole,  and  Sun,  Z  P  being  j8.gr,  jo  m.  the  Couiple- 

mcnt> 
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mentof  the  Latitude,  PS  70^.  the  Complement  of  the  Declination, 
and  Z  S  the  Complement  of  the  Suvns  Altitude.  The  Angle  ac 
Z  (ball  ftiew  the  Azimuth,  and  the  Angle  at  P,  the  Hour  of  the  Day 
from  the  Meridian.  Then  if  from  Z  to  P  S  we  let  down  a  Perpendicular 
Z  R,  we  /Lai!  reduce  the  Oolique  Triangle  into  two  Re&angle  Tri¬ 
angles  Z  RP,  ZRS.  Or  if  from  S  to  Z  P  we  let  down  a  Perpendicu¬ 


lars  M, we  fhal!  reduce  the  fame  2  PS  into  two  other  Triangles,  S  M  Z, 
S  M  P,  Re&angled  at  M :  whatfoevcr  is  faid  of  any  of  thefe  Triangles* 
the  fame  holdcth  for  all  other  Triangles  in  the  like  cafes.  ? 

For  the  Refolution  of  each  of  thefe,  there  be  feveral  ways.  I  only 
chufe  thofe  which  are  fitted  for  the  Scttor^  wherein  if  that  be  remem- 
bred  which  before  is  fhewed  in  the  general  ufe  of  the  StEtor  concerning 
Lateral  and  Parallel  entrance,  it  may  fuffice  only  to  fet  down  the  Pro¬ 
portion  of  the  three  parts  given,  to  the  fourth  required,  and  fb  flicw 
firft  by  the  Sipes  alone. 


. 
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O/  the  Resolution  of  Spherical  Triangles ,  ‘87 

1  ' 

In  a  Rt  El  angled  Triargk. 

1.  To  fin  cl  a  fide,  by  .knowing  theBaf and  the  Angle  oppofite  to  th:  re* 
qtiired  fide.  ' 

As  the  Radius 

is  ro  the  Sine  of  the  Bafe  : 

So  the  Sine  of  the  oppofite  Angle 
to  the  S*ne  of  the  fide  required. 

‘  *  ’  '  '  -l  (  -  •. 

^As  in  the  Re&angle  A  C  B, having  the  Bafe  A  B,  +inRelfavg!edTri- 
tbe  place  of  the  Sun  jg  m  from  the  Equino&ial  fpsles- ,the,fidejDppo~ 
Poinr.and  the  Angle  B  A  C  of  23  gr. ,3,0  m  the  grea-  e 

teft  Decimation?  if  it  were  required  to  find  the  nde 
B  C  the  Declination  of  the  Sun. 

Take  either  the  lateral  Sine  of  20 gr,  30m.  and  make  it  a  Parallel 
Radiusi  fo  the  Parallel  Sine  of  30 gr.  taken  and  meafured  in  the  fide 
of  th cSeElor,  fliall  give  the  fide  required  1  i.^r,  30m.  Or  take  the 
Sine  of  30 gr.  and  make  it  a  Parallel  Radius ;  fo  the  Parallel  Sine  of 
2l£r'  3©  «•  taken  and  meafured  in  the  lateral  Sines,  fhall  be  n  gr. 
30  m.  as  before. 

So  in  the  Triangle  Z  P  S,  having  Z  P  30  m*  and  the  AngleP 
3igr.  3^m.  given,  we  fhall  find  the  Perpendicular  ZRtobe  19 gr* 

2  m. or  having  P  S 70 gr.  and  the  faid  AngleP  3 l£r,  34 given,  we 

may  find  the  Perpendicular  S  M  to  be  29  gr,  28 

\ 

2*  To  find  the  fide  by  knowing  the  'Bafe  and  the  other  fide . 

As  the  Sine  of  the  Complement  of  the  fide  given 
is  to  the  Radius: 

So  is  the  Sine  of  the  Complement  of  the  Bafe 
to  the  Sine  of  the  Complement  of  the  fide  required* 

So  in  the  Re&angle  A  C  B,  having  A  B  30  gr,  andBCn^r.  30  mi 
given,  the  fide  A  C  will  be  found  27  gr^ 4  m. 

Or  in  the  Re&anglcZRP, having  ZP  3 %gr.  30  m,  andZR2^gr# 

l  m,  given,  the  fide  RP  will  be  found  3*tir'  1 m' 

^  i  * )  '  ■  . 
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3,  To  find  a  fide,  by  knowing  the  two  Oblique  /ingles* 

As  the  Sine  of  either  Angie  , 
to  the  Sine  of  the  Complement  of  the  other  Angle  ,• 

So  is  the  Radius 

to  the  Sine  of  the  Complement  of  the  fide  oppofite  to  thefecond 
Angle. 

So  intheRe&angle  A  C  B  having  C  A  B  for  the  firft  Angle  23  gr. 
3©iw.  and  ACB,  lor  the  fecond  69  gr.  21  m.  the  fide  AC  will  be 
found  2jgr.  54  *»•  Or  making  A  B  C  the  firft  Angle,  and  C  AB  the 
fecond,  the  fide  BC  will  be  found  ii.gr.  30*0. 

•4.  To  find  the  Bafe,  by  knowing  both  the  fides • 

\  _  •  .  J 

As  the  Radius 

to  the  Sine  of  the  Complement  of  the  one  fide  : 

So  the  Sine  of  the  Complement  of  the  other  fide, 
to  the  Sine  of  the  Complement  of  the  Bafe  required. 

SointheRe&angle  A  C  B  having  AC  27  gr.  54  m.  and  BC  1 1  gr: 
30m.  the  Bafe  AB  will  befound  30.gr. 

*  - 

$i  To  find  the  Bafe  by  knowing  the  one  fide,  and  the  Angle  eppofite  to  that 
fide • 

As  the  Sine  of  the  Angle  given* 
to  the  Sine  of  the  fide  given ; 

So  is  the  Radius 

to  the  Sine  of  the  Bafe  required. 

So  in  theRe&angle  BCD,  knowing  the  Latitudeand  the  Declinati¬ 
on,  we  may  find  the  Amplitude ;  as  haying  B  C  the  fide  of  the  Decli¬ 
nation  njT.30/0.  and  B  D  C  the  Angle  of  the  Complement  of  the 
Latitude  3 8^r.  1 5  m.  the  Bafe  B  D,  which  is  the  Amplitude,  will  be 
found  to  bc  iS^r.  47 


1 


% 


<5.  To 


6.  To  find  an  Angle,  by  the  other  Oblique  Angle,  and  the  fide  oppofite  to  the 
inquired  Angle • 


So  in  the  Rc&angle  ACB,  hiving  the  Angle  B  AC  23  gr:  $oml 
and  the  fide  A  C  *7gr.  54  m.  the  Angle  ABC  will  be  found  69  gr. 
21  m% 

7.  To  find  an  Angle,  by  the  other  Oblique  Angle,  and  the  fide  oppofite  to  the 
Angle  given. 

As  the  Sine  of  the  Complement  of  the  fide 
to  the  Sine  of  the  Complement  of  the  Angle  given : 

So  is  the  Radius, 

to  the  Sine  of  the  Angle  required. 

So  in  thcRc&anglc  A  C B, having B  AC  23^.30  w.  and B C  ugrl 
30  w.the  Angle  ABC  will  be  found  69  gr .  21  m. 


8.  To  find  an  Angle,  by  the  Rafe ,  and  the  fide  oppofite  to  the  inquired 


As  the  Sine  of  the  Bafe 
is  to  the  Radius : 

So  the  Sine  of  the  fide 

to  the  Sine  of  the  Angle  required. 

So  in  the  Rc&angle  BCD,  having  B  D 1 8  gr.  47  m.  and  B  C  1 1  gr* 
30  iw.  the  Angle  B  D  C  will  be  found  38  gr.  t 5  m. 

Th*f*  eight  Propoficions  have  been  wrought  by  the  Sines  alone; 
thofc  which  follow  require  joynt  help  of  the  Tangent. 

And  forafmuch  as  the  Tangent  could  not  well  be  extended  bey  ond 
63gr.$om.l  (hall  fet  down  two  ways  for  the  refolution  of  each  Pro- 
pofititn;fo  that  if  the  one  will  not  hold,  theothermay. 

*  iV?  n  if 
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«?.  To  find  a  fide,  by  having  the  other  fide,  and  the  /ingle  oppofite  to  the 
inquired  fidu 

».  As  the  Radius 

to  the  Sine  oF  the  fide  given: 

So  the  Tangent  of  the  Angle, 

to  the  Tangent  of  the  fide  required. 

2.  As  the  S?ne  of  the  fide  given, 
is  to  the  Radius  : 

So  the  Tangent  of  the  Complement  of  the  Angle 
to  the  Tangent  of  the  Complement  of  the  fide  required. 

'«  X  .  •»  v  * 

So  in  the  Re&angle  A  C  B, having  the  fide  A  C27  gr.  5+  m. and  the 
Angle  BAC  13  gr.  30m.  the  fide  B  C  will  be  found  to  be  ngr.30  m. 

10.  Tti  find  a  fide ,  by  having  the  other  fide  t  and  the  Angle  next  the  inqui¬ 
red  fide. 

As  the  Tangent  of  the  Angle, 
to  the  Tangent  of  the  fide  given  : 

So  is  the  Radius 

to  the  Sinje  of  the  fide  required* 

2.  As  the  Tangent  of  the  Complement  of  the  fide, 
to  the  Tangent  of  the  Complement  of  the  Angle* 

So  is  the  Radius 

to  the  Sine  of  the  fide  required. 

This  and  the  like,  where  the  Tangent  ftandeth  in  the  firft  place  are 
beft  wrought  by  Parallel  entrance.  And  fo  in  the  Reftangle  BCD 
having  B  C  the  fide  of  Declination  1 1  gr.  30  m.  and  B  D  C  the  Annie 
of  the  Complement  of  the  Latitude  }  8  gr.  ij».  the  fideDC,  which 
is  the  Afccnfional  difference,will  be  found  14  gr.  %-jnt. 

1  ^  •  m  f  «  m  if  g  ven  the  time  of  the  Sans  rifing 

andfctting,  and  length  of  the  day :  allowing  an  hour  for  etch  i  ?  er 
»nd  four  minutes  of  time  for  each  feveral  degree.  As  in  the  example 
the  dtftei* nec  between  the  Syn*  Afceafion  in  a  right  Sphere,  which  iJ 

always- 
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always  at  fix  of  the  dock,  and  his  Afcenfion  in  our  Latitude  being 
iqgr.  57  m*  it  flieweth  that  the  Sun  rifeth  very  near  an  hour  before 
fix,  bccaufe  of  the  Northern  Declination  j  or  after  fix,  if  the  Sun  be 
declining  to  the  Southward. 

11.  To  find  a  fide  by  knowing  the  Baf 7  and  the  Angle  adjacent  next  to  the 
inquired  fide • 

\ 

1.  As  the  Radius, 

To  the  Sine  of  the  Complement  of  the  Angle : 

So  the  Tangent  of  the  Bafe, 
to  the  Tangent  of  the  fide  required, 

2.  As  the  Sine  of  the  Complement -of  the  Angle, 

is  to  the  Radius :  • 

So  is  the  Tangent  of  the  Complement  of  the  Bafe, 
to  the  Tangent  of  the  Complement  of  the  fide  required. 

So  in  the  Redangle  A  C  B,  knowing  the  place  of  the  San  from  the 
next  Equinodial  Point,  and  the  Angle  of  his  greateft'Declination,  we 
may  find  his  right  Afcenfion  :  viz.  the  Bafe  A  B  30  gr.  and  the  Angle 
B  A  C  23  gr.  30  w.bcing  given,  the  right  Afcenfion  A  C  will  be  found 
27  gr .  J4  m. 

12.  To  find  the  Bafe  by  knowing  the  Oblique  Anglh . 

As  the  Tangent  of  the  one  Angle, 
to  the  Tangent  of  the  Complement  of  the  other  Angle : 

So  is  the  Radius,  * 

to  the  Sine  of  the  Complement  of  the  Bale. 

So  in  the  Redangle  AC  B,  having  B  A  C  23  gr.  50  m.  and  ABC 
6$gr.  11  m.  the  Bafe  A  BwiJl  be  fonnd  90 gr* 

13.T0  find  the  Bafejby  one  of  the  fidesy  and  the  Angle  adjacent  next  that  fide • 

t 

1.  As  the  Radius, 

is  to  the  Sine  of  the  Complement  of  the  Angle? 

N  2 


So 
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So  the  Tangent  of  the  Complement  of  the  fide* 
to  the  Tangent  of  the  Complement  of  the  Bate. 

2 .  As  the  Sine  of  the  Complement  of  the  Angle, 
is  to  the  Radius : 

So  the  Tangent  of  the  fide  given, 

to  the  Tangent  of  the  Bafe  required. 

So  in  theRe$ang!e  A  C  B,  having  A  C  27  gr .  54  m.  and  B  AG 

25  gr.  30  m.  the  Bafe  A  B  will  be  found  30 gr.  o  m. 

* 

14.  To  find  fin  Angle,  by  knowing  both  the  fides . 

1.  As  the  Radius, 

is  to  the  Sine  of  the  fide  next-the  inquired  Angle  t 
Sothe  Tangent  of  the  Complement  of  theoppolite  fide, 

to  the  Tangent  of  the  Complement  of  the  Angle  required. 

✓  ' 

2,  As  the  Sine  of  the  fide  next  the  inquired  Angrc, 
is  to  the  Radius : 

So  the  Tangent  of  the  oppofite  fide, 
to  the  Tangent  of  the  Angle  required; 

So  in  the  Re&angle  A  C  B, having  A  C  27.gr.  54  m.  andBC  U  gr, 
30  m.  the  Angle  at  A  will  be  found  23 30  and  the  Angle  at  B 
6fgr.  21  m. 

15.  To  find  the  Angle ,  by  the  Bafe ,  And  the  fide  adjacent  to  the  required 
Angle. 

1,  As  tb  e  T angent  of  the  Complement  of  the  fide, 
to  the  Tangent  of  the  Complement  of  the  Bafe: 

So  is  the  Radius, 

to  the  Sine  of  thrComplement  of  the  Angle  required. 

a*  As  the  Tangent qf  the  Bate, 
to  the  Tangent  of  the  fide : 

So  is  the  Rad;m, 

so  the  fignof  the  Complement  of  the  Angle  required. 


CL 


So 
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So  in  theReftangle  BCD,  hiving  the  Bafe  B  D  1 6gr.  47  m.  ani 
the  fide  B  C  1 1^  30  m.  the  Angie  DBG  between  them  will  be  found 

53  gr • 1 S  »• 

id*  To  find  an  Angle,  l)  knming  the  othtr  Oblique  Angk,and  the  baft i, 
i.  As  the  Radius, 

to  the  Sine  of  the  Complement  of  the  Bafes 
So  the  Tangent  of  the  Angle  given, 

To  the  Tangent  of  the  Complement  of  the  Angle  required. 

a.  As  the  Sine  of  the  Complement  of  the  Bafe,  • 

is  to  the  Radius : 

So  the  Tangent  of  the  Complement  of  the  Angle  given, 
to  the  Tangent  of  the  Angle  required. 

So  in  the  Rcflangle  A  C  B,  having  the  Angle  at  A  2  3  gr.  30  *».  and 
the  Bafe  A  B  30  gr.  the  Angle  ABC  will  be  found  69  gr.  iim. 

Thefe  fixteen  Cafes  are  sH  that  can  fall  out  in.a  Re&angle  Triangle  3 

thofe  which  follow  do  hold 

,  In  any  Spherical'TrUngk  whaiftevtr, 

17.  To  find  a  fide ,  oppofite  to  an  e^ngle  given,  by  knowing  one  fide ,  and, 
tm  Angles,  whereof  one  it  oppofite  to  the  given  fide,  the  other  to  the 
fide  required' 

AstheSine  of  the  Angle  oppofite  to  the  fide  given* 

is  to  the  Sine  of  the  fide  given : 

So  the  Sine  of  the  Angle  oppofite  to  the  fide  required, 
to  the  Sine  of  the  fide  required. 

So  in  the  Triangle  ABE,  having  the  place  of  the  Sun,  the  Latitude,, 
and  the  created  Declination,  we  may  find  the  Amplitude.  A*  having 
A B 30 gr.  BAE13 gr.  30 m.  andABE38.gr.  ijw;  the  fide  B-ts 

which  is  the  Amplitude,  will  be  found  18^.47  *» 
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IS.  To  find  an  Angle  of  pope  to  a  fide  given,  ly  having  one  Angle  and 

tm  fiiet,  the  one  off  ope  to  the  given  Angle,  the  other  to  the  An- 
gle  required . 


As  the  Sine  of  the  fide  oppofite  to  the  Angle  given, 
is  to  the  Sine  ol  that  Angle  given : 

So  the  Sine  of  the  fide  oppofite  to  the  Angle  regui red, 
to  the  Sine  of  the  Angle  required. 

So  in  the  Tr  angleZ  P  S,  having  the  Azimuth,  and  Latitude, and  De¬ 
clination,  we  may  find  the  hour  of  the  day.  As  having  PZS  t’o  or 

Jm.  PS  7ogr.  and  Z  S  40  ^.the  AngleZ  PS,  which  fheweth  the  hour 
irons  the  Meridian,  mail  be  round  3  igr, 

ip.  To  find  an  Angleby  knowing  the  three  fides. 

Thi*  Propoficion  is  tnoft  ufefuJ,  bat  raoft  difficult  of  all  others  •  as 
in  Arichmecick,  fo  by  the  Setter,  yet  may  it  be  performed  fcveral 
iways. 

t.  According  to  Regiomontanus  and  others. 

As  the  Sine  of  the  Idler  tide,  next  the  Angle  required, 
to  the  difference  of  the  verfed  Sines  of  the  Bafe,  and  difference  of 

So  is  the  Radius,  (thefides- 

to  a  fourth  proportional.  v 


Then  as  the  Sine  of  the  greater  fide  next  the  Angle  required, 
is  co  that  fourth  proportional  j 

So  is  the  Radius, 

to  the  verfed  Sine  of  the  Angle  required; 

So  in  the  Triangle  Z  P  S,  having  the  fide  P  S,  the  Complement  of 
the  Declination  70^.  o  m.  the  fide  Z  P  the  Complement  of  the  La¬ 
titude  38^.  30  m.  and  the  Bafe  Z  S  the  Complement  of  the  Altitude 
4° gr.  the  Angle  of  the  hour  of  the  day  Z  P  S  will  be  found  ?i  or 
34  a*.  which  is  *  h.6  m.  from  the  Meridian.  ®  * 

For  the  Bafe  being  40  gr.  e  m.  and  the  difference  of  the  fides  38  tr 
30  m.  and  70  gr.  opt,  beipg  3  »£%  3°».  thedifterence  of  their  verfed 

,  Sine* 


I 
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Sines  will  be  the  fame  with  the  dirtsnee  between  the  right  S?ne  of 
5©^r.and  58  30  m.  This  difference  I  take  out, and  make  it  aParal- 

fei  Sine  of  tfefeffer  fide  l8gr.  §0  m.  fo  the  Parallel  Radius  wifi  be  the 
fourth  proportional.  Then  coming  to  the  fecond  operation,  I  make 
this  fourth  proportional  a  Parallel  Sine  of  the  greater  fide  of  70  gr. 

©  m, and  cake  out  this  Parallel  Radius.  For  this  meafured  from  po gr. 
toward  the  Center,  will  be  the  verfed  Sine  of  31  gr.  34  m. 

In  the  like  fort  in  the  fame  Triangle  Z  PS,  having  the  fame  Comple¬ 
ments  given,  the  Angle  P  Z  S  which  is  the  Azimuth  from  the  North 
part  of  the  Meridian,  will  be  found  13,0  gr,  3  m.  For  here  the  Bafe  *  # 
oppofite  to  the  Angle  required  being  70 gr.  and^  the  difference  of  cl  e 
Tides  58  gr,  30  m.  and  40 gr.  being  1  gr.  30  m.  the  difference  of  their 
verfed  Sines  will  be  the  fame  with  the  diftance  between  the  right  Lines 
of  20£r.  and88^r.  30  m.  This  difference  I  take  and  make  its  Paral¬ 
lel  Sine  of  the  Idler  fide  38  gr.  30  m.  fo  the  Parallel  Radius  will  be 
the  fourth  proportional.  Then  coming  to  the  fecond  operation,  l 
make  this  fdurth  proportional  a  Parallel  Sine  of  the  greater  fide  40 ^r.. 
and  takeout  this  Parallel  Radius ;  for  this  meafured  from  po  "gr.  be¬ 
yond  the  Center,  in  the  Lines  of  Sines ,  ftretched  forth  at  their  full 
length,  will  be  the  verfed  Sine  of  13 

2. 1  thfty  find  an  Angle  by  knowing  three  fides,  by  that  which  I  have 
ellewherc  demonflraccd  upon  Barth.  and  that  at  one  operation 

in  this  manner* 

* 

At  the  Sine  of  the  greater  fide, 

is  to  the  Secant  of  the  Complement  of  the  other  fide  ? 

So  the  differercnce  of  Sines  of  the  Complement  of  the  Rafe^ 
and  the  Ark  compounded  of  the  leffer  fide  with  the 

Complement  of  the  greater, 
to  the  verfed  Sine  of  the  Angle  required* 

f  y  '  .  *  •.  ’  *  -  „  '•  .  .  •  -  . 

So  in  the  fame  Triangle  Z  PS,  having  the  fame  Complements  given&, 
the  Angle  at  F,  which  Ihewcth  the  hour  from  the  Meridian,  will  be 
found  as  before,  3 1  gr.  34*0. 

For  the  fide*  being  38  gr.  30fH.Bndyogr.om.  I  take  the  Secant 
®f  the  Complement  of  58  gr.  30  m.  and  make  it  a  Parallel  Sine  of 
70 gr.  then  keeping  the  Scftor  at  this  Angle,  I  confider  that  the 
Complement  of  70 gr.  being  20  gr.  added  unco  38^.  30  m.  the  com¬ 
pounded  fide  (which  if  here  the  Meridian  Altitude  )  will  be  58^ 

1  5  om^ 
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30  m.  and  that  the  Bafe  being  40  gr.  the  difference  of  Sines  of  the 
compounded  fide,  and  the  Complement  of  the  Bafe  will  he  (  as  before ) 
the  djftance  between  the  Sines  of  $ogr>  2nd  58 gr.  30  m.  Wherefore 
I  take  out  this  difference*  and  lay  it  on  both  the  Lines  of  Sines  from 
the  Center :  fo  the  Parallel  taken  in  the  terms  of  this  difference,  and 
meafured  from  90 gr.  towardsthe  €en:er,dochgive  the  verfed  Sine  of 

This  example  of  finding  the  hour  of  the  day  might  otherwise  have 
been  pro  pofed  in  thefc  terms, 

As  the  Sine  of  the  Complement  of  the  Declination, 
is  to  the  Secant  of  the  Latitude: 

So  the  differercnce  between  the  Sine  of  the  Altitude  propofed, 
and  the  Sine  of  the  Meridian  Altitude, 
to  the  verfed  Sine  of  the  hour  from  the  Meridian  s 

Then  the  Latitude  being  yi^r.  %om.  the  Declination  20 gr.  Norths 
ward,  and  the  Altitude  50  gr .  the  work  would  be  the  fame  as 
before. 

The  other  Angles  P  2  S,  P  S  2,  may  be  found  in  the  fame  fort 3  but 
having  the  fides  and  one  Angle,  it  will  be  fooner  done  by  that  which 
me  lhewed  before  in  the  18  Prep. 

20.  To  find  a  fide,  by  knowing  the  three  t/ingles* 

If  for  the  greater  Angle,  we  take  his  Complement  to  180 gr ,  the  An¬ 
gles  £hall  be  turned  into  fides,  and  the  Tides  into  Angles,  and  the  ope¬ 
ration  fhall  be  the  fame,  as  in  the  former  Prop. 

As  in  the  Triangle  Z  PS,  having  the  Angle  Z  P  S  31  gr.  34  m. 
Z  S  P  30  gr.  28  m.  and  PZ  S  1 30 gr.  3  m.  1  would  take  the  greater 
Angle  of  130 gr.  3  m.  out  of  i8o^r.  and  there  remains  49 gr.  m. 
Then  as  I  had  a  Triangle  of  three  known  fides,  one  of  31  gr.  34 
another  of  30 gr.  20  m.  and  a  third  of  49 gr.  57  m.  I  would  feek  the 
Angle  eppolice  to  one  ofthefe  fides,  by  the  laft  Prop.  So  the  Angle 
which  is  thus  found,  would  be  the  fide,  which  is  here  required.  & 

2\.  To  find  a  fide,  by  having  the  other  two  fides ,  and  the  Angle  comprehended. 

This  Propofition  being  the  converfc  of  the  nineteenth,  may  be 


wrought 
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wrought  accordingly  :  but  the  beft  way  both  for  it  and  thofc  which 
follow,  is  to  refolve  them  into  two  Rectangles?  by  letting  down  a  Per¬ 
pendicular,  as  was  (hewed  in  the  firrt  Prop. 

So  in  the  Triangle  Z  PS,  having  Z  P  the  Complement  of  the  Lati¬ 
tude,  and  P  S  the  Complement  of  the  Declination,  with  Z  P  S  the  An¬ 
gle  of  the  hour  from  the  Meridian,  we  may  find  Z  S  the  Complement 
of  the  Altitude  of  the  Sun. 

For  having  let  down  the  Perpendicular  Z  R,  by  thejirft  Prop,  we 
have  two  Triangles,  Z  RP,Z  R  S,  both  reCfangled  at  R.  Then  may 
we  find  the  fide  P  R,  either  by  the  fecond,  or  tenth,  or  eleventh  Prop. 
which  taken  out  of  P  S,  Jeaveth  the  fide  R  S  :  with  this  RS  and  Z  R 
we  may  find  the  Bafe  Z  S  by  the  fourth  Prop . 

Or  having  letdown  the  Perpendicular  S  M,  we  have  two  ReCUngle 
Triangles  S  MZ,SM  P.  Then  may  we  find  M  P,  from  which  if  we  take 
Z  P,  there  reraaineth  M  Z :  but  with  M  Z  and  S  M,  we  may  find  the 
Bafe  Z  S.  x 

22.  T 9 find  a  fideyby  having  the  other  two  fides ,  and  one  of  the  Angles  next 

the  inquired  fide . 

So  in  the  Triangle  Z  PS,  having  Z  P,  the  Complement  of  the  Lati¬ 
tude, and  P  S  the  Complement  of  the  Declination,  with  P  Z  S  the  An¬ 
gle  of  the  Azimuth,  we  may  find  Z  S  the  Complement  of  the  Altitude 
of  the  Sun. 

For  having  Z  P,  and  the  Angle  at  Z,  we  may  to  S  Z  produced. 
Jet  down  a  Perpendicular  P  V.  Then  we  have  two  Rcftangle  TrL 
angles  P  V  Z,  PVS,  wherein  if  we  find  the  fides  V  Z,  VS,  and 
take  the  one  out  of  the  other?  there  will  remain  the  fide  required 
ZS. 

23.  To  find  a  fide ,  by  having  one  fide9  and  the  two  Angles  next  the  inqui¬ 

red  fide.  s 

So  in  the  Triangle  ABD,  having  AB  the  place  of  the  San,  and 
IB  A  D  the  Angle  of  the  greateft  Declination,  and  A  D  B  the  Angle 
of  the  Equator  with  the.  Horizon,  we  may  find  AD  the  Oblique 
Afcenfion. 

For  having  let  dawn  B  C  the  Perpendicular  of  Declination,we  have 

two  Rettangled  Triangles,  A  C  B,  D  C  B.  Then  may  we  find  A  C  the 

O  right 


•  , 
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right  Afeenfion,  and  D  C  the  afcenfioral  difference  5  and  comparing 
theone  with  the  ocher,  there  re  mainech  A  D. 

24  To  find  a  fide>  by  having  tm  Angles,  and  the  fide  inclo fed  by 
them . 

So  in  the  Triangle  ZPS,  having  the  Angle*  at  Z  and  P,  with  *the 
fide  intercepted  Z ft  we  may  find  the  fide  P  S.  For  having  let  down 
the  Perpendicular  PV,  we  have  two  Re&angles  P  V  Z,  P  V  S,  Then 
may  we  find  the  Angle  VPZ,  either  by  the  feventh,  or  fifteenth, 
or  fixrecnth  Prop,  which  added  to  ZPS,  maketh  the  Angle  VPS, 
wish  this  V  P  S,  and  P  V,  we  may  find  the  Bale  P  S,  according  to  the 
I  $  Prop . 

2  5.  To  find  nn  Angle  by  having  the  other  two  Angle  s  and  the  fide  inch  fed 
by  th?m. 

So  in  the  Triangle  Z  PS,  having  the  Angles  at  Zand  P,  with  the 
fide  intercepted  Z  P,  we  may  find  the  other  Angle  Z  S  P.  For  having 
let  down  the  Perpendicular  Z  R,  we  have  two  Redangles  Z  R  P, 
ZRS.  Then  may  we  find  the  Angle  P  Z  R  by  the  fixteenth  Prop .  and 
that  compared  with  P  Z  S,  leaveth  the  Angle  R  ZS  :  with  this  R  Z  S, 
and  Z  R,  we  may  find  the  Angle  required  Z  S  R,  according  to  the  fix-ch 
Pr  op  oft  ion. 

26.  To  find  an  Angle  fy  having  the  other  two  Angles ,  and  one  of  the  fidti 
next  the  inquired  Angle . 

So  in  the  Triangle  A  B  D,  having  the  Angles  at  A  and  D,  with  thi 
fide  A  B,  we  may  find  the  Angle  A5D.  For  having  let  down  th< 
Perpendicular  BC,  we  have  two  Rectangles,  ACB,  DCB.  Thei 
may  we  find  the  Angles  ABC,  D  B  C,  and  take  D  B  C  out  of  ABC 
for  fo  there  remaineth  the  Angle  required  A  B  D. 

27. To  find  an  Angle knowing  tmfides,and  the  Angle  contained  by  them » 

So  in  the  Triangle  ZPS,  having  the  fides  Z  P,  P  S,  with  the  Angfc 
comprehended  ZPS,  we  may  find  the  Angle  PZS.  For  having  le 
town  the  Perpendicular  SM,  we  have  two  Rectangles  S  MZ,  SMf 

The 
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Then  may  we  find  the  fide  M  P,  and  raking  Z  P  out  of  M  P,  there  re- 
mainetb  M  Z  .•  with  this  M  Z  and  the  Perpendicular  M  S,  we  may  find 
the  Angle  M  Z  S,  by  the  fourteenth  Prop .  This  Angle  M  Z  S,  taken  our 
of  sSo gr.  there  remained!  P  Z  S. 

28.  To  find  an  Angle,  by  knowing  the  two  fides  next  it  and  one  of  the  other 
Angles . 

\  ' 

So  in  the  TrLnglc^Z  PS,  having  the  Tides  ZP,  and  P  S,  with  the 
Angle  P  ZS,  we  maylfind  the  Angle  ZPS;  For  having  ler  down  the 
Perpendicular  P  V,  we  have  two  Re£l angles  P  V  Z,  P  V  S.  Then  may 
we  find  the  Angles  V  P Z,  V  PS:  and  taking  V P Z  out  of  V PS, 
there  remained) ZPS,  which  was  required, 

Thefe  38  Cafes  are  ail  that  can  fall  out  in  any  Spherical  Triangle : 
if  any  do  not  prefendy  underftand  them,  let  them  once  more  iead 
over  the  ufe  of  the  Globes>  and  they  (hall  foon  become  ealie  unto 
them.  .  * 


CHAP.  VI. 

m  *  y/  ^ 

Of  the  Vfe  of  the  Meridian  Line  in  Navigation , 

♦ 

THc  Meridian  Line  is  here  fee  on  the  fide  of  the  Seftor  ftrctchcd 
forth  at  full  length,  on  the  fame  Plane  with  the  Line  of  Lines  and 
Solids,  and  is  divided  unequally  toward  ^7  gr.  (  whereof  70 gr.  are 
about  one  half  )  in  fuch  fort  as  the  Merid ian  in  th  c  Chart  of  Mercators 
Proje&ion.  The  Ufe  of  it  may  be* 

1.  To  divide  a  Sea-chart  according  to  Mercators  ‘projection. 

If  a  degree  of  the  Equator  on  the  Sea-charr,  be  equal  to  the  hun¬ 
dred  part  of  the  Line  of  Lines  in  the  SeClor,  the  degrees  of  the  Meri¬ 
dian  upon  the  SeCtor,  (hall  give  the  like  degrees  upon  the  Sea-chart : 
if  othefwife  they  be  unequal,  then  may  the  Meridians  of  the  Sea- 
chart  be  divided  in  fuch  fort  as  the  Line  of  Meridians  is  divided  on  the 
j  SeCtor,  by  that  which  we  (hewed  before  in  the  8  Prop .  of  the  Line  of 
|  lines. 

Rut  to  avoid  error,  I  have  here  fet  down  a  Table,  whereby  the  Me¬ 
ridian  Line  may  be  divided  out  of  the  degrees  of  the  Equator  fuppofing 

O  1  Cacti 


I  ©o  The  Vfe  of  the  Meridian  Line • 

each  degree  in  the  Equacor  ,  to  be  lubdivided  into  a  thoufand  parts. 
By  which  Table,  and  the  ufual  Tableof  Sines,  Tangents,  and  Secants, 
the  Proportions  following  may  be  alfo  refolved  Arithmetically*  For 
the  manner  or  divifion,  let  the  Equator  be  drawn*  and  divided,  and 
crolTed  with  Parallel  Meridian?,  as  in  the  common  Sea-chart  :  then 
look  into  the  Table,  and  let  the  diltance  between  the  Equator  and 
40  ^r,  in  the  Meridian,  from  the  Equator,  be  equal  to  4 igr.  71 1  parts 
of  the  Equator,  as  in  the  Table:  let  5  o  gr.  in  the  Meridian  trom 
the  Equator,  be  equal  to  57  gr,  <?cp  parts  ok  the  Equator,  and  fain 

the  rert.  1 

The  making  of  th's  Table  is,  by  addition  of  Secants.  For  the  Paral¬ 
lels  of  Latitudes  being  Jcf s  than  the  Equator  or  Meridian  in  fuch  pro¬ 
portion  as  the  Radius  is  to  the  Secant  of  the  Parallel.  For  example, 
the  Parallel  of  60  degrees  ok  Latitude  is  left  than  the  Equator  (and 
confequently,  each  degree  of  this  Parallel  of  60  degrees  lefs  than  a 
degree  of  the  Equator,  or  Meridian)  in  fuch  proportion  as  looooothe 
Radius,  hath  unto'acoooo  the  Secant  of  <5o  degrees . 
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I6.IO7 

19.251 

22.453 

25.723 

20,072 

1  6 

16.21  I 

19 

19. 5561 

22 

22.561 

25 

25.833 

28 

2(,'.7  86 

I6.5I6 

19  463 

22.669 

25.943 

2Q.2QQ 

16.420 

19.569 

22.777 

26.054 

29.313 

I6.524 

19.675 

22.885 

26.164 

29.526 

16  628 

' 

I9.7§i 

22.993 

26.275 

29.64O 

16.732 

19.887 

23,101 

26.386 

29.75  3 

16,836 

19.693 

1^7210 

26.497 

29.867 

16.941 

20.100 

2$. 318 

26.608 

29.98  I 

17.045 

20.206 

• 

23.427 

26.719 

50.095 

17.150 

20.312 

23.535 

26.830 

3  0.209 

17 

17.255 

20 

20.419 

23 

23.643 

26 

26.941 

29 

30.324 

J7.359 

20.525 

• 

23.752 

27.052 

30.438 

I7.464 

20.632 

23.861 

27.I64 

30.553 

17.568 

20  738 

23.970 

27.275 

30.667 

17.675 

20.845 

24.079 

27.387 

30.782 

J7-7  78 

20.95  * 

24.188 

27*499 

50.897 

17.885 

21.059 

24.297 

27.610 

“"1 

3  1.012 

17.988 

21.I65 

24,406 

27.722 

31.127 

1' 

18.095 

21.292 

24.515 

27.834 

31.242 

1 

I8.I98 

» 

21.379 

24.624 

27.946 

3 1*357 

|rS 

18.^03 

21 

21.486 

24 

24.734 

27 

28.058 

30 

31.473 
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1  M I  Gr.  Par 

Gr.Par* 

36 

; 

Gr.  Par 
38  63  ? 

(]r.  Par. 

Gr.  Par. 

1  30 

J.M  73 
31.885 

‘  ?T«704 
31.820 

31.936 

32.052 

n 

34.992 

42.41  5 

46  362 

3  5.1 1 1 

35.231 

35*350 

35.470 

35.590 

38.757 

38  880 

39  004 
39 12  9 
39-853 

42.544 

42.673 

42.802 

42.931 

43061 

•4.D.496 
46.63  1 
46  766 
4^.702 
47-0  37 

3  M68 

35.710 

39*377 

43  191 

47.173 

32.284 

35.830 

39.502 

43.320 

47.509 

32.409 

35-950 

39*627 

43-45* 

47*440 

32.516 

36.071 

.39.752 

43.58i 

47.581 

?i 

3^-6?  3 

34 

36.191 

57 

39.877 

40 

4?.7H 

23 

47-718 

32.750 

36.3  12 

40.002 

43.842 

47.85 5 

32.867 

36.433 

40.128 

43-973 

47  992 

32.984 

36.554 

40.251 

44.104 

48.129 

33.101 

36.675 

40.379 

44.235 

48.26? 

33.218 

- 

36.796 

4°  505 

44.366 

48.404 

33.336 

* 

36.917 

40  63 1 

44.498 

48*542 

33.453 

37.039 

40.757 

44  630 

*  - 

48.68l 

33-571 

37.161 

40  884; 

44. 762 1 

•5 

48.8I9 

33.688 

37.282 

41.014 

44  894 

48.958 

32 

3  3 .806 

^5 

37.405 

38 

4r-M7 

41 

45.026 

44 

49.079 

j  • 

33.924 

37-527 

41.264 

45159 

49.236 

34.042 

37-643 

41*322 

45.292 

49-375 

34.161 

37-771 

4I*5I9 

t 

45-425 

;  .r  V 

49.5I5 

-•  • 

3  4-279 

37-894 

41*646 

45-558 

t:  -.,i 

49.655f 

* 

34.397 

38.017 

45-774 

45.691 

49.79  ^ 

34.516 

38.I4O 

— i 

4I.9O2; 

45.825 

49.93  5 

% 

34.635 

38  263 

• 

42.030 

45-959 

50.076 

-  - 

34-754 

38.38  6 

42  I58 

46.093 

50.217 

34-873 

3  8.509 

42.287 

46.227 

50.358 

33 

34.992136 

38.633 

39 

42.415 

42 

46.362 

45 

50.499 
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46 


47 


(?r.  Par. 

50.499 

50.641 

50.783 

50.925 

5r.o68 

51.210 

M 

48 

Gr,Par* 

■ 

M 

5i 

\ 

i 

Gr.Par, 

5  9  481 

Qr.  Par, 

57 

54.860 

54 

64.412 

53.010 
55.]  60 

55-3i° 

55.460 

55.611 

59.640 
59.800 
59  960 
60.120 

• 

60,280 

64,582 

64.753 

454.924 

65.096 

I5M5I 

55.762 

60.441 

.  6  5  440 

51.496 

55-913 

60  601 

< 

65.61  3 

51.639 

56.065 

60  *763 

65.786 

51.78) 

56.217 

60.925 

65.960 

51- 9*7 

49 

56.369 

52 

61.088 

55 

66.134 

5B 

5  2,07 1 

56*522 

61.250 

66*308 

5.2.2 1 5 

56.675 

^1.413 

66.483 

52.360 

56.838 

•61.577 

66.659 

52.505 

56.981 

61.741 

66.835 

52.650 

57-^35 

61.904 

87.01 1 

52.795 

57.289 

62.069 

67. 188 

■  1 

•52.941 

57-444 

62.234 

67.365 

53.087 

%■ 

57-  598 

62.399 

67-543 

53.233 

? 

57.704 

62.564 

67.721 

5 ’.380 

L° 

57.9°9 

53 

62.730 

56 

67.900 

59 

5,?*r26 

58.065 

• 

62.897 

68,079 

53.673 

1 

58.221 

63.O63 

68.258 

53.821' 

J8.377 

63.231 

68.438 

53.968 

58.534 

63.398 

68  618 

- 

54.1  16 

V. 

58  69I 

63.566 

68.799 

54.264 

58  848 

1 

63.734 

68.981 

mmm 

5  4-4 1 3 

59.006 

63.903 

69.163 

-* 

54.562 

55164 

64  072 

69.345 

54.711 

59.322 

64.O42 

69.528 

}  ^4.860 

51 

59.481 

54 

64  412 

57 

69.712 

60 

Gr»  Par. 

69.71 1 

69.895 
70.080 
70  265 
70.449 
70.6?  5 

70  821 
71.008; 

7I-,9  5 

71.483 

7M72 

7I»7PI 

71  950 

72.140 

72 

72.522 

72*7I4 

72.906 

73.099 
73.292 
7?  486 


73.68d 

73875 

74.071 

74.267 

74.464 


74.661 

74859 

75-057 

75.256 

75-456 
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M 

Gr .  Par. 

A/ 

Gr. 

M 

Gr.  Par,\M 

Gr.  P*r. 

Gr.  Par . 

60 

75-45 1 

cm 

81.749 

66 

88.725 

09 

96.575 

72 

io5-*79 

75-6j6 

81.970 

88.971 

96.854J 

105.904 

75-85  3 

82.191 

89.219 

97-I351 

1 06.*  30 

76.057 

82.41} 

89.467 

97.418 

106.^58 

76.261 

82.635 

89.716 

97.701 

106.888 

7M64 

82.860 

89.967 

97-986 

107.220! 

76.667 

83.084 

90.218 

98.272 

io7-5 ' 3 1 

76.871 

85.51 3 

90.470 

- 

98. 560 

IO7.888I 

77.076 

/  83.5  3  6 

90.723 

98.849 

IO8.226I 

77.28l 

83.763 

90.978 

99.139 

IO8.665I 

6\ 

77.487 

64 

83.990 

67 

91.232 

70 

99.451 

7? 

IO8.9O6I 

77' 694 

— 

84.219 

91.489 

99.724 

I  O9.249I 

77.901 

84-44^ 

91.746 

1 00.0 1 8 

1 09.5941 

78.IO9 

84.678 

92.005 

100.3  J4 

I  O9.94I  | 

78.?67 

84.9O9 

92,264 

100.612 

I  I  O.29O 

78.526 

85.I4I 

92.525 

1 00.9 10 

I  10.641 

78.736 

8j.J74 

92.787 

- 

101.211 

I  IO.QQ4 

78.947 

85.6O7 

93.050 

101.513 

ati  1. 349 

79.158 

85.842 

93*3  H 

101.816 

1 1 1.707 

79-??o 

86.O77 

93.579 

102.121 

112.066 

62 

79-583 

65 

86.313 

68 

93.846 

7J 

102.427 

74 

1 12.428 

-  ' 

79.796 

86.550 

94.213 

102.737 

1 12.792 

80.010 

86.788 

94.382 

103.044 

1 1 3.158 

80.22  5 

87.027 

94.652 

103.356 

1x3.526 

80.44.J 

87.267 

94923 

103.668 

113.897 

80.657 

.87.508 

95-195 

103.983 

1 14.270 

8O.874 

87.749 

95.468 

104.299 

— 

1 M-64  5 

81.091 

87.992 

95.743 

104.616 

r  15.023 

8l.3IO 

88.235 

96.019 

104.936 

H5-403 

8l.529 

88.48O 

96.296 

105.257 

1 1 5.786' 

67. 

81.749 

66 

88.72  5 

69 

96.575 

72 

105.579 

75 

1 16.171 
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M 

75 


Gr.  Par 
1 16.171 
116.559 
1 1 6.949 

1 17»3  42 

1 1 7-737 

1 18.135 


118.536 
1 18.939 
119.345 

”9.755 

1 20.166 


M 

78 


79 


Gr.  Par*  1  M 

129-075  87 
129.558 
130.065 
130.536 
1 31,03 1 
1 3 1.5  30 
1 32.034 
132.542 
i3?.o>5 
13  3-572 
134.094  82 


121,581 
1 21.000 
121.4:0 
121.843 
122.370] 

122.700 

123.133 

1123.570 

124.009 

77  124.452  80 

124,898 
125.348 
125.801 
126.258 
126.718 

127.182 
127.649 
128. 121 
128.596 

78  H9.O75I81 


134.620 

1 35-1 5 1 

135.687 

136.228 

136.77  s 

137*326 

137*883 

138.445 

139.012 

139.585 

1 40. 1 64 

140.748 

I4M39 

14:1.936 

142.538 


Gr,  Par, 

145  650 

146.292 

146  942 
147.600 
148.265 
148.937 


M 

84 


149.61 8 

150.307 
151.003 
151.709 
152  4*3  85 
153.147 
153.878 
154.620 

1 5  5.372 
1 56.132 


83 


C/r.Par , 
I68.947 

169.912 
170.893 
171.891 
I72.9O7 
^  7  3  *94  ^ 


M  Gr,Par, 


9 


1 


1 43*I4/ 
143.763 
144.38s 
145.014 


1 56.903 
1  57*685 
158.478 
159-281 
160.096 

160.922 
161.761 
162.612 
163.474 
164. 352 


174  994 
176.067 
177.160 
i78.275 

I79.411 
1 80.569 
181.752 
182.960 
184.194 
185.454 


86 


165.243 
I66.I46 
I67.O65 
j  I  67.999 


186.743 
188.062 
189.4I  1 

190.793 

192  210 


208  705 

2IO.649 
21  2.668 
214.745 
2  I6.9O9 
2I9.I  58 
221.498 
223.938 
226.486 
229. 1 53 
88  231.950 

234.891 
237.991 
241.268 
244744 

248.445 


145  650  84*  168.94 


193  661 
195  151 
196.680 
198.251 
199.867 

201.529 
203.240 
205,005 
206.825 
87  208.705 


89 


252.402 

256.652 

261.245 
266.23  5 
27 1,705 

277*75  5 
284.517 
292. 191 
301,058 
3^1*563 


?24  45  5 
341.166 

365.039 
408.01 1 
90  Infinite. 
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ioS  The  Vfe  of  the  Meridian  Line . 

If  it  be  a  particular  Chart,  I  would  fird  draw  the  Line  A  B  fer- 
ving  for  the  fird  Meridian,  and  crofs  it  with  two  Perpendiculars  B  C 
and  A  D,  the  one  «c  the  upper  end,  the  other  at  the  lower  end  of  the 
Chart*  which  may  ferve  for  the  extreme  Parallels  of  Latitude  that  you 

are  tO  rruke  ufe  of. 

Then  conil  lering at  what  Latitude  the  Chart  is  robegin  and  end, 
and  that  ch's  Chart  intended  for  the  Latitude  of  thefe  parts,  is  to  be¬ 
gin  at  50 gr.  and  fo  end  at  55 gr.  I  look  into  the  Table,  and  find  chat 
50 gr.  of  Latitude  mull  be  drawn  at  J7  gr.  9°9  parts  ;  and  5  ?£r.of  La¬ 
titude  at  66  gr.  1:4  parts  from  the  Equator}  and  that  the  Meridian 
didance  between  the  Parallel  of  %ogr..  and  ^gr,  of  Latitude  mull  be 
equal  to  8^r.  22?  parts  of  the  Equator.  Whereupon  I  take  the  Line 
A  Bout  of  the  Meridian  Line,  and  dirninifh  it  in  fuch  proportion  as 
8.  225  hath  unto  1000  per  3  Prop.  Lin «  and  with  chat  extent  of  the 
Compaffes,  I  divide  the  two  extreme  Parallels  of  Latitude  into  equal 
degrees,  and  through  each  degree  draw  Meridian  Lines  parallel  to  the 
fird  Meridian,  noting  them  with  i,  2,  ?*  4>  6r<r.  and  then,  I  fabdivide 
either  one  or  all  of  thofe  degrees  into  ren  parts,  and  (  if  I  may  )  each 
tenth  part  into  ten  parts  more,  but  howfoever,  I  fuppofe  each  degree 
to  be  fubdivlded  into  1 000  parts. 

The  Meridians  being  drawn,  I  come  to  the  Parallels  of  Latitude^ 
beginning  at  50  gr. 

And  finding  in  the  Table,  that  the  diflancebetween  the  Equator  and 
<0 gr.  in  the  Meridian  fhould  be  equal  to  57 gr.  909  parts  in  xhe- 
Equator  and  his  Parallels,  I  may  fuppofe  the  loweil  Parallel  to  be 
57 £r.  from  the  Eq  ator :  fo  thedidance  between  this  lowed  Parallel 
and  the  Parallel  of  50 gr.  will  be  only  909  parts.  Wherefore  I  take 
thefe  909  odd  parts,  out  of  the  degrees  that  I  divided  before,  and 
prick  them  down  into  the  two  uttermoll  Meridians  from  the  lowed 
Parallel  upwards,  and  there  draw  the  Parallel  of  50  gr.  of  Lati¬ 
tude.  • 

In  like  manner,  becaufe  I  find  by  the  Table  that  the  di (lance  be¬ 
tween  the  Equator  and5*£r.  in  the  Meridian  is  %9 gr.  881  parts  of 
the  Equator,!  abate  the  former  57 gr.  and  there  remain  2^-481. parts 
for  the  didance  between  the  loweft  Parallel,  and  this  Parallel  of  51  r 
wherefore  !  take  thefe  2  degrees  481  parts  out  of  the  L;ne  before  di¬ 
vided,  and  prick  them  down  in  the  two  uttermoll  Meridians  (  as  be¬ 
fore)  from  the  lowed  Parallel  upward,  and  there  draw  the  Parallel  of 
1 1  degrees  of  Latitude*  1. 

If 
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no  The  Vfe  of  the  MerUirn  Line. 

If  any  defirc  to  have  his  Chart  agree  with  his  SeSiefy  he  may  make 
each  degree  of  Longitude  equal  to  the  tenth  part  of  the  Line  of 
Lines,  and  divide  the  Meridian  of  his  Chart  out  of  the  Se&or :  fo 
ihail  each  degree  of  the  Chart  be  ten  times  as  large  as  the  like 
degree  on  the  Seftor,  and  the  work  be  eafic  from  the  one  to  the 
other. 

Or  he  may  divide  the  Meridian  of  his  Chart  by  the  fide  of  a  Pro- 
traftor,  fuch  as  is  commonly  ufedby  Surveyors  of  Land,  and  is  here 
reprefented  by  A  C  ©  E,  wherein  the  outward  part  of  the  Semicircle 
A  B  C  is  divided  equally  into  180  gr.  The  inward  part  equally  into 
16  Rumbs,and  each  Rumb  fubdivided into  4. 


The  Vfe  of  the  Meridian- tine.  xi  i 

The  Lines  CD,  DE,  E  A,  divided  equally  according  to  the  Line 
of  Lines  upon  the  Settor,  or  the  Parallels  upon  the  Chart.  Onely  the 
Diameter  A  C  would  be  divided  unequally,  by  letting  down  occult 
perpendicular  Lines  upon  it  from  each  Degree  in  the  Semicircle, 
which  being  done,  the  intermediate  part  between  the  Rumbs  and 
the  Diameter  may  be  all  cut  forth:  And  the  back  fide  of  the  long 
Square  may  be  filled  with  6  Lines  of  Chords,  or  Scales  of  feveral 

parts  in  the  Inch,  .  .  - 

So  may  the  Meridian  be  divided  by  the  parts  of  the  Side  E  D, , 
the  Angles  of  each  Rumb  may  readily  be  pricked  down  by  the  De¬ 
grees  in.  the  Semicircle,  and  the  Line  of  Chords  and  the  other  Scales 
may  ferve  to  do  the  like  with  more  variety. 

'  *  i 

2,  To  find  how  many  Leagues  anfwer  to  one  ^Degree  of  Longitude 

in  every  feveral  Latitude. 

In  failing  by  the  Compafs,  the  Courfe  holds  fometime  upon  a  Great 
Circle,  fometime  upon  a  Parallel  to  the  Equator;  but  moft  commonly 
upon  crooked  Lines,  winding  towards  one  of  the  Poles,  which  Linesare 
well  known  by  the  Name  ©f  Rumbs. 

If  the  Courfe  hold  upon  a  Great  Circle,  it  is  either  North  or  South 
under  feme  Meridian,  or  Eaft  or  Weft  under  the  Equator.  And  in 
chefe  Cafes,  every  Degree  requires  an  allowance  of  twenty  Leagues ;  eve- 
|ry  twenty  Leagues  will  make  a  Degree  difference  in  the  failing  .•  fo  chat 
Here  needs  no  further  Precept  than  the  Rule  of  Proportion  in  the  Chapter 
jof  Lines.  '  ’ 

But  if  the  Courfe  hold  Eaft  or  Weft,  or  any  cf  the  Parallels  to  the 

pquator, 

L  , 

As  the  Radius, 

is  to  twenty  Leagues ,  the  Meafure  of  one  Degree  at  the  Equa¬ 
tor  : 

So  the  Sine  of  the  Complement  of  the  Latitude , 

to  the  CMeafure  of  Leagues  anfwer ing  to  one  Degree  in  that 
Latitude 9 

SI 


Where^ 


The  XJfe  $f  the  MerUm-line. 

Wherefore  I  take  20  Leagues  out  of  the  Line  of 
Lines,  and  make  it  a  parallel  Radius,  by  fitting  it  over 
in  the  Sines  of  90  and  90  :  fo  h's  parallel  Sine  taken 
out  of  the  Complement  of  the  Latitude,  andmeafured 
in  the  Line  of  Lilies,  (hall  fhew  the  number  of  Leagues 
required. 

Thus  in  the  Latitude  of  1%  gr.  iim.  we  fhali  find 
19  Leagues  an  fwering  to  one  Degree  of  Longitude,  and 
1 8  Leagues  in  the  Latitude  of  2  5  gr.  1  5  m.  as  in  this 
Table. 

This  may  be  done  more  readily  without  opening  the 
Se£tor,  by  doubling  the  Sine  of  the  Complement  of  the 
Latitude,  as  may  appear  in  the  fame  Example. 

Icraayalfo  be  done  by  the  Line  of  Meridians,  either 
upon  the  Se&or,  or  upon  the  Chart :  For  if  we  open  a 
pair  of  Compaffes  to  the  quantity  of  one  Degree  of  Lon¬ 
gitude  in  the  Equator,  or  one  of  his  Parallels,  and 
meafure  it  in  the  Meridian  line,  fecting  one  Foot  as 
much  above  the  Latitude  given,  as  the  other  faileth  be. 
neath  it,  fo  that  the  Latitude  may  be  in  the  middle  be¬ 
tween  the  Feet  of  the  Compaffes,  the  number  of  Leagues 
intercepted  lhall  be  that  which  was  required. 

But  if  theCourfe  hold  upon  any  of  the  Rnmbs,  be¬ 
tween  a  Parallel  of  the  Equator  and  the  Meridian,  we  are  to  confider 
fbefides  the- Equator  of  the  World  to  which  we  tend,  which  mud  be  ai¬ 
rways  known), 

1.  The  difference  of  Longitude,  atleaft  in  general. 

2.  The  difference  of  Latitude,  and  that  in  particular. 

3.  The Rumb  whereon  theCourfe  holds. 

4.  The  diftance  upon  the  Rumby  which  is  the  diftance  which  we  are 
here  to  confider, and  is  always  fomewhat  greater  than  the  like  diftance  up¬ 
on  a  grea'ter  Circle.  And  for.thefe,firft,I  fhewin  general  this  third  Propo- 
fitione 
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Gr. 

1 

Leag. 

0 

';0 

20n 

18 

12 

1 9 

25 

15 

18 

48 

17 

36 

52 

16 

4i 

25 

15 

45 

34 

H 

49 

28 

13 

53 

8 

12 

56 

38 

1 1 

6q 

0 

IO 

6  3 

15. 

9 

66 

25 

8  1 

69 

30 

7 

72 

32 

6 

75 

3i 

5 

7b 

28 

4 

Si 

23 

3 

84 

15 

2 

87 

.8 

1 
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"5 


To  find  how  many  Leagues  do  anCrver  to  one 

^Degree  of  Latitude  in  every  fever al  Rumb. 

m 

The  Seamans  Cempafs  is  commonly  divided 
into  $2  Points;  the  half,  into  1 6  ;  the  quarter, 
into  8;  which  have  their  names  of  *N^Nb  F, 
NNE ,  &e.  according  to  thofe  parts  of  the 
World  to  which  they  point.  Anfwerable  to 
thefe  Points,  are  the  Rumbs  upon  their  Chart  ; 
each  quarter  divided  into  8,  each  Rumb  1 1  gr, 
if  m.  diftant  one  from  the  othei :  The  firft  Rumb 
being  that  which  is  1 1  gr.  i$m,  diftant  from  the 
Meridian  ;  the  fecond,  22 gr.  30  m.  the  third, 
3  3  gr.  45  m.  and  fo  the  reft.  And  (if  they  have 
need  of  fm  after  parts)  they  fubdivide  each  Rumb 
into  quarters,  allowing  2  gr.  48  m.  to  the  firft 
quarter,  %gr.  37  to  the  half  Rumb,  &c.  as  in 
the  Table  following. 

As  {he  Sine  of  the  Complement  of  the  Rumb 
from  the  Meridian, 

is  to  20  Leagues ,  the  Meafure  of  one  Degree 
of  the  Meridian : 

So  is  the  Radius, 

to  the  Leagues  an  [veering  to  one  ‘Degree  upon 
the  Rumb. 

As  if  in  failing  NE  b  AT, from  fo  gr*  of  North 
Latitude,  it  were  required  how  many  Leagues 
the  Ship  fhould  run  before  it  could  come  to 
fl  gr.  of  Latitude,  becaufe  this  is  the  third 
Rumb,  and  the  Inclination  thereof  3  3  gr.  45  m. 
I  would  take  20  Leagues,  &c. 

Wherefore  I  take  20  Leagues  out  of  the  Line 
of  Lines,  and  make  it  a  parallel  Sine  of  f  6gr? 
if  w.  the  Complement  of  the  Rumb  from  the 
Meridian  ;  fo  his  parallel  Radius  taken  and  mea- 
fuiedin  the  Line  of  Lines,  fhail  iLew  me  24  for 
the  number  of  Leagues  required. 

CL 
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And  thus  in  the  firft  Rumb  from  the  Meridian  we  fhall  find  20 
Leagues  39  parts  anfweringto  one  Degree  of  Latitude,  and  2f  Leagues 
65  parts  in  the  fecond  Rumb,  &c.  as  in  this  Table*  where  we  fubdivide 
each  League  into  a  hundred  parts,  and  (hew  befides  what  Inclination  the 
Rumb  hath  to  the  Meridian. 


This  may  be  done  more  readily  without  opening  the 
Se&or,  by  doubling  the  Secant  of  the  Rumb,  as  may  ap¬ 
pear  in  the  fame  Exam  pie. 

It  may  alfo  be  done  upon  the  Chart,  if  firft  we  draw  the 
Rumb ;  then  we  take  the  diftance  upon  the  Rumb  between 
two  Parallels  *  and  meafure  it  in  the  Meridian- line,  as 
far  above  the  greater  Latitude  as  beneath  the  lefter.  For  the, 
number  of  Leagues  intercepted  (hall  be  that  which  was  re¬ 
quired.  1 1 

For  Example:  In  the  fecond  Chart,  pag.  113.  I  firft 
draw  the  8  Rumbs,  from  the  Interfe&ion  of  the  Meridian 
with  the  Parallel  of  50  gr.  of  Latitude ,  either  by  that 
which.  I  have  (hewed  before  in  the  general  Ufe  of  Sines, 
Chap.  II.  Prop.  10.  or  by  help  of  the  Protra&ion  laft  men¬ 
tioned  :  For,  laying  the  Center  of  the  Protra&or  to  the 
Point  of  Interfecfion  (  which  is  to  be  the  Center  of  the 
Rumbs)  and  turning  the  Diameter  of  the  Protra&or  until 
it  be  parallel  to  the  Meridians  of  the  Chart  (which  is  then 
done,  when  the  Meridians  and  Parallels  in  the  Chart  fall 
under  like  divifions  in  the  Protra&or)  I  may  make  one 
prick  at  1 1  gr.  1 5  m.  another  at  ngr.  30  m.  in  the  out¬ 
ward  part  of  the  Semicircle ;  and  fo  the  reft. 

Or,  having  neither  Se&or  nor  Protra&or,  I  would  have 
a  Line  of  Chords  fet  on  the  fide  of  the  Ruler  which  I  am 
toufe,  from  which  I  may  take  60  gr.  and  with  that  extent 
fetting  one  Foot  of  the  Compafles  in  the  former  Point  of 
Interfc&ion,  draw  an  occult  Ark  of  a  Circle,  and  therein 
prick  down  the  former  Arks  from  the  Meridian  ,  as  in 
Chap.  11:  Prop.  10.  So  thefe  Arks  being  pricked  down  by 
cither  of  thefe  ways,  the'  Right  Lines  drawn  through  the 
Center  and  thofe  pricks,  (hail  be  the  Rumbs  required. 

The  Rumbs  being  drawn,  I  take  the  diftance  between 
the  Parallels  of  ?P  and  $  1  gr.  upon  A  C,  the  third  Rumb  5 

and 
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and  mea  faring  it  in  the  Meridian- line,  I  find  the  Compares  to  reach 
from  above  To  of  a  Degree  below  the  Parallel  of  50,  but  T*¥  above  the 
Parallel  of  5 1  gr.  intercepting  1  gr*  |  o  or  24  Leagues,  fuchas  20  make 
a  degree. 

Again,  I  take  the  difiance  upon  the  lame  Rumb  between  the  Pa¬ 
rallel  of  54  and  55  gr.  which  I  find  to  be  fometohat  longer  than  the 
former  diftance  between  the  Parallels  of  50  and  51  5  but  mea faring 
it  in  the  Meridian  Line,  according  to  the  Latitude  of  the  Parallel, 
I  find  but  1  gr.  ^  ( or  24  Leagues)  as  before,  for  the  number  of 
Leagues  anfwering  to  1  Degree  of  Latitude  upon  this  thi'rd  Rumb, 

And  by  the  fame  reafon,  I  may  find  the  number  of  Leagues  an- 
fevering  to  a  Degree  of  Latitude  upon  the  reft  of  the  Rumbs  agree¬ 
able  to  the  Table* 

This  confidered  in  general ,  I  fhew  more  particularly  in  twelve 
Propofitions  following,  how  of  thefe  four  any  two  being  given,  the 
other  two  may  be  found ,  both  by  UWctcator’s  Chart ,  and  by  this 
Setter.  '  * 

1.  By  one  Latitude^  Rumb,  and  Diftance,  to  find  the 
Difference  of  Latitudes . 

N  /  *  N  ,  *•  j  ■  'll  ■'  t 

As  the  Radius , 

to  the  Sine  of  the  Complement  of  the  Rumb  from  the  uMe* 
vidian : 

Soothe  Diftance  upon  the  Rumb , 
to  the  difference  of  Latitudes l 

Lee  the  Place  given  be  A,  in  the  Latitude  of  $0  gr.  C  in  a  great¬ 
er  Latitude,  but  unknown,  the  diftance  upon  the  Rumb  being  6 gr , 
between  them,  and  the  Rumb  the  third  from  the  Meridian, 

Firft,  I  take  6  gr.  from  the  diftance  mpon  the  Rumb,  out  of  the 
Line  of  Lines,  and  make  it  a  Parallel  Radius,  by  putting  it  over  in 
the  Sines  of  90  and  90:  Then  keeping  the  Se&or  at  this  Angle,  I 
take  out  the  Parallel  Sine  of  gr.  1 5  m.  which  is  the  Sine  of  the 
Complement  of  the  third  Rumb  from  the  Meridian,  and  meafaring 
it  in  the  Line  of  Lines ,  I  find  it  to  be  5  gr.  and  fuch  is  the  diffe¬ 
rence  of  Latitude  required. 
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Or,  I  may  take  out  the  Sine  of  56  gr,  !J  w.  for  the  Comple¬ 
ment  of  the  third  Rumb  from  the  Meridian,  and  make.it  a  paral¬ 
lel  Radius ;  then  keeping  the  Se&or  at  this  Angle ,  I  take  6  gr.  for 
the  diftance,  either  out  of  the  Line  of  Lines,  or  any  other  Sca’e  of 
Equal  parts,  or  elfe  out  of  the  Meridian  Line,  and  lay  it  on  both 
fides  of  the  Sector  from  the  Center,  eicher  on  the  Line  of  Lines  or 
Sines:  f@  the  Parallel  taken  from  the  Terms  of  this  diftance,  and 
meafured  in  the  fame  Scale  wherein  the  di fiance  was  meafured,  fhall 
ihew  the  difference  of  Latitude  to  be as  before. 

But  in  fhorter  diftances,  fuch  as  fall  within  the  compafs  of  a  days 
failing,  this  Work  will  hold  much  better;  as  may  appear  by  com¬ 
paring  the  Work'  with  the  Table  following,  where  the  Numbers  in 
the  front  do  fignifie  the  Leagues ;  thofe  in  the  fid$,  the  Rumb  £  and 
the  reft  in  the  middle,  the  difference  of  Latitude. 

In  the  Chart  let  a  Meridian  A  B  be  drawn  through  A  ,  and  in 
A  with  A  B  make  an  Angle  of  the  Rumb  B  AC  :  Then  open  the 
Cornpaffes,  according  to  the  Latitude  of  the  Places,  to  E  F  the  quan¬ 
tity  of  6  gr •  in  the  Meridian,  transferring  them  into  the  Rumb  from 
A  to  C,  and  through  C  draw  the  Parallel  B  C ,  eroding  the  Meri- 
nian  A  B  in  B :  fo  the  Degrees  in  the  Meridian  from  A  to  B  fhaii 
(hew  the  difference  of  Latitude  to  be  5  gr . 

, ;  .  .  ...  .■  ;  v;  ■■  •  .  ■  \  '  -■  >.  . 

;  * 

2,  B)  the  Rumb  and  both  Latitudes  to  find:  the  Difiance 

upon  the  Rumb, 


As  the  Sine  of  the  Complement  of  the  Rumb  from  the  Meridian , 
is  to  the  Radius  z 
So  is  the  Difference  of  Latitudes, 
to  the  Difiance  upon  the  Rumb. 

”  ‘‘r  ,  *  T  ‘  f  .  ■  ‘  '  •  -I 

•  •  .  v  .  ; / ;  *.1  <  i  4  \  >  .  * 

s  •  V;.i  \  \  Cr-  '  :>  V.  .  •'  -  ■ 

As  if  the  Places  given  were  A  iq  the  Latitude  of  50  gr.  C  in 
the  Latitude  of  55  gr.  and  the  Rumb'  the  third  from  the  Meri¬ 


dian.  \ 

Here  I  may  take  5  gr,  for  the  difference  of  Latitude  out  of  the 
Line  of  Lines,  and  put  it  over  in  the  Sine  of  5  6  gr.  15  m,  for  the 

Corn¬ 
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A  Tabie  of  Leagues,  Rumbs ,  and  Difference  of  Latitudes, 
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Complement  of  the  third  Rumb  from  the  Meridian.  Then  keeping 
the  Se&or  a?  this  Angle,  I  take  out  the  Parallel  Radiur,  and  meafa- 
ringit  in  the  Line  of  Lines  •>  I  find  it  to  be  6gr.ahd  fuch  is  the  difiance 
upon  the  Rumb,  which  was  required. 

Or  I  may  take  the  Lateral  Radius,  and  make  it  a  Parallel  Sine  of 
5 6gr.  15  the  Complement  of  the  Rumb  from  the  Meridian:  then 
keeping  the  Sc£lor  at  this  Angfe,  I  take  for  rhe  difference  of  La¬ 
titude,  either  out  of  the  Line  of  Lines*  or  out  of  fome  other  Scale 
of  equal  parts,  and  lay  icon  both  Tides  of  the  Se&or  from  the  Center, 
either  on  the  Line  of  Lines  or  of  Sines:  fo  the  Parallel  taken  from 
the  terms  of  his  difference,  and  meafured  in  the  fame  Scale  with  the 
the  difference, fli3ll  fhew  the  difiance  upon  the  Rumb  to  be  6gr. or  120 
Leagues. 

Or  keeping  the  Se&or  at  this  Angle,  I  may  fake  the  difference  be¬ 
tween  50 gr.  and  $  Jjp*.  out  of  the  Meridian  Line,  and  meafuring  it 
in  the  Equator,  I  (hall  find  it  to  be  equal  to  %  gr.  22  f.  of  the  Equa¬ 
tor.  Wherefore  I  take  the  Parallel  between  822  and  822  out  of  the 
Line  of  Lines,  and  meafuring  it  in  the  Line  of  Lines,  I  fhall  find  it  to 
be  989 ;  which  (hews  that  according  to  this  projc&ion,  the  difiance 
upon  this  third  Rumb,  anfwerable  to  the  former  difference  of  Lati¬ 
tudes’,  will  be  equal  to  9  gr.  89  p.  of  the  Equator.. 

Or  the  Se&or  remaining  at  this  Angle,  I  may  take  the  difference 
between  50 gr.and  5$gr.  out  of  the  Meridian  Line,  and  lay  it  from 
the  Center  on  both  (ides  of  the  Scttor,  either  on  the  Line  of  Lines  or 
of  Sines  1  fo  the  Parallel  taken  from  the  terms  of  this  difference,  fhall 
-  be  the  very  Line  of  difiance  required,  the  fame  with  A  C  or  E  F  upon 
the  Chart ;  which  may  ferve  for  the  better  pricking  down  of  the  di- 
ilangc  upon  the  Rumb,  without  taking  it  forth  of  theMeridian  Line, as 
in  the  former  Fropefoion. 

Or  if  the  Rumb  fail  nearer  to  the  Equator,  that  the  lateral  Radius 
cannot  be  fitted  over  in  it,  this  Propofition  may  be  wrought  by  Parallel 
entrance,  * 

Fpr»if  I  firft  cake  out  the  Sine  of  56  gr.  1$  m.&nd  make  it  a  parallel 
Radius,  by  fitting  it  over  in  the  Sines  of  90  and  99,  or  in  the  ends  of 
the  Line  of  Lines ,  and  then  take  $  gr.  for  the  difference  of  Latitudes 
out  of  the  Line  of  Lines*  and  carry  it  parallel  to  the  former,  I  fhall  find 
it  to  crofs  both  Lines  of  Lines  in  the  Points  of  6 :  and  fo  it  gives  the . 
fame  diftance  as  before. 

Gr  if  the  difiance  be  fmalf,  it  may  be  found  by  the  former  Table. 

For  r 
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For  the  Rumb  being  found  in  the  fide  of  the  Table,  and  the  difference 
of  Latitude  in  the  fame  Line  j  the  top  of  the  Column  wherein  the  dif¬ 
ference  of  Latitude  was  found,  fliall  give  the  number  of  Leagues  in  the 
diftance  required. 

Or  we  may  find  this  diftance  in  the  Table  of  Rumbs  in  the  fifth  /Va- 
pofition  following.  For  according  to  the  example, look  into  the  Table  of 
the  third  Rumb  for  5  gr,  of  Latitude,  and  there  we  fhall  find  6  gr.  10 
parts  under  the  title  of  diftance. 

So  if  the  difference  of  Latitude  upon  the  fame  Rumb  were  50  gr . 
the  diftance  would  bt  60 gr.  13  parts.  If  the  difference  of  Latitude 
upon  the  fame  Rumb  were  only  £  of  a  degree,  the  diftance  would  be 
only  fio  parts,  fuch  as  100  do  make  a  degree. 

.  In  the  Chart  let  a  Meridian  A  B  be  drawn  through  A,  ard  Parallels 
of  Latitude  through  A  and  C;  and  then  in  A,  with  A  B,  make  an 
Angle  of  the  Rumb  BAG:  fo  the  diftance  take  from  A  to  C,  and 
mcafured  in  the  Meridian  Line,  according  to  the  Latitude  of  the  pla¬ 
ces,  fhall  be  found  to  bet?  gr,  or  120  Leagues.  Andfuch  is  the  diftance 
acquired. 

3 .  By  the  diftance  and  both  Latitudes ,  to  find  the  Rumb . 

As  the  diftance  upon  the  Rumb, 
to  the  difference  of  Latitudes : 

So  is  the  Radius,  •  r  1 1 

to  the  Sine  of  the  Complement  of  the  Rumb  from  the  Meridian: 

- 

;  "f  *  '  >  -  _  •  - 

As  if  the  places  given  were  A,  in  the  Latitude  of  50  gr.  Cin  the 
Latitude  of  W  gr.  the  diftance  between  them  being  6gr.  upon  the 
Rumb.  Fir  ft  I  take  6gr.  for  the  diftance  upon  the  Rumb,  and  lay  it.on 
both  fides  of  the  Setter  from  the  Center ;  then  out  of  the  fame  Scale 
I  cake  $gr.  for  the  difference  of  Latitude,  and  to  it  open  the  Settor 
in  the  terms  of  the  former  diftance  2  fo  the  parallel  Radius  taken  and 
meafured  in  the  Sines,  doth  give  1 5  w.  the  Complement  where¬ 
of  3  3  gr.  45  m.  is  the  Angle  of  the  Rumbs  inclination  to  the  Meridian, 
which  was  required.  * 

In  the  Chart  let  a  Meridian  A  B  be  drawn  through  A,  and  Paral- 
lelsof  Latitude,  both  through  A  and  C  ,  then  open  the  Compaffcs 
according  to  the  Latitude  of  the  places  to  E  F,  the  quantity  of  6  gr.  in 
the  Meridian,  and  fecting  one  foot  in  A,  turn  the  other  till  it  crofs  the 

Paral/d 
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Parallel  B  C  in  C,and  draw  the  right  Line  A  C  :  fo  the  Angle  BAG 
/hall  (hew  the  inclination  of  theRumb  to  the  Meridian  to  be  33  gr. 
45  a*  before. 

Thefe  three  lad  PropoOtfons  depend  one  ©n  the  other,  and  may  be 
wrought  as  truly  by  the  Common  Sea-Chart  as  by  this  of  Mercators 
Proje&ion  :  and  therefore  in  working  them  by  the  Senior ,  the  diftance 
and  the  difference  of  Latitudes  may  as  well  or  better  be  taken  out  of 
the  Line  of  Lines  (which  here  reprefenteth  the  Equator)  or  any 
other  Line  of  equal  parts,  as  out  of  the  inlarged  degrees  in  the  Me¬ 
ridian  Line.  But  in  the  Proportions  fo!lowing,the  difference  of  Lon¬ 
gitude  mud  be  taken  out  of  the  Equator;  the  difference  of  Lati¬ 
tudes  and  diftance  upon  the  Rucnb  mud  always  be  taken  out  of  the 
Meridian  Line:  which  I  therefore  call  the  proper  difference, and  pro¬ 
per  didance. 

c  « 

4.  By  the  Longitude  and  Latitude  of  two  faces  to  find  the  Rumb. 

As  if  the  places  given  were  A,  in  the  Latitude  of  yo  gr.  C  in  the 
Latitude  of  $5gr»  and  the  difference  of  Longitude  between  them 
were  $gr.  30  tn,  • 

In  the  Chart  let  Meridians  and  Parallels  be  drawn  through  A  and/ 
C,  and  1  draight  Line  for  the  Rumb  from  A  to  C ;  then  by  that  we 
/hewed  Cap.  2.  Proportion  9.  inquire  the  quantity  of  the  Angle 
BAG,  and  it  fhall  be  found  to  be  45  m.  which  is  the  third 

Rumbfrom  the  Meridian.  Wherefore  the  proportion  holds  for  the 
Seftor, 

As  A  B  the  proper  differenccof  Latitude : 

is  to  B  G  the  difference  of  Longitude :  ■ 

'  So  is  A  B  Radius, 

to  B  C,  the  Tangent  of  the  Rumb  from  the  Meridian. 

According  to  this  I  take  the  proper  difference  of  Latitude  from 
50 gr.  to  5  5  gr.  out  of  the  Line  of  Meridians,  and  lay  it  on  both  ddes 
of  th t  Setter  from  the  Center  ;  then  I  take  the  difference  of  Longi- 
tude  $gr.  |  out  of  the  Line  of  Lines,  and  to  it  open  the  Seftor  in  the 
terms  of  the  former  Hifference  of  Latitudes,  fo  the  Parallel  Ra® 
dius  taken  from  between  90  and  po  s  and  meafured  in  the  greater 

R  Tangent 
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Tangent  on  the  fide  of  the  Setter^  doth  give  $3 gr.  45  m:  for  the  Rumb-. 
required. 

But  if  the  Rumb  fall  nearer  to  the  Equator  3-, 

As  A  D  the  difference  of  Longitudes, 
is  to  D  C  the  proper  difference  of  Latitudes 
So  A  D  the  Radius, 

to  D  fcthe  Tangent  of  the  Rumb  from  the  Equator. 

According  to  this  I  take  the  former  difference  of  Latitudes  from 
50  gr.  to  55  gr.  out  of  the  Line  of  Meridians,  and  to  it  open  the 
Setter  in  the  terras  of  the  difference  of  Longitude  reckoned  in  the 
Line  of  Lines  from  the  Center,  lb  the  Parallel  Radius  taken  and 
meafured  in  the  Tangent,  doth  give  5  6  gr.  1  }m.  for  the  Rumb  from 
,  the  Equator:  which  is  the  Complement  to  the  former  53  £r.  4  $  m. 
and  fo  both  ways  it  is  found  to  be  the  third  Rumb  from  the  Meri¬ 
dian. 

But  if  this  Rumb  were  robe  found  in  the  common  Sea-chart,  it 
fliould  feem  to  be  above  47 gr.  which  is  more  chan  the  fourth  Rumb 
fromjhe  Meridian. 

5.  By  the  Rumb  and  both  Latitudes ,  to  find  the  difference  of 

Longitude. 

As  if  the  places  given  were  A,  in  the  Latitude  of  50 gr.  and  C 
in  the  Latitude  of  and  the  Rumb  the  third  from  the  Meri¬ 
dian, 

In  the  Chart,  lee  a  Meridian  be  drawn  through  A,  and  a  Parallel 
of  Latitude  through  C,  then  in  A,  with  A  B,  make  the  Angle  of  the 
Rumb  from  the  Meridian  BAG,  (as  was  (hewed  Cap.  2.  Prop.  10.) 
So  the  degrees  in  the  Parallel  between  Band  C,  (hall  be  found  to  be 
5  gr.^i  the  difference  of  Longitude  which  was  required.  Wherefore 
the  proportion  holds  for  the  Settop 

As  A  B  the  Radius, 

to  B  C  the  Tangent  of  the  Rumb  from  the  Meridian : 

So  A  B  the  proper  difference  of  the  Latitudes, 
to  B  C  the  difference  of  Longitude. 

Accord- 
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Accordingtothis  we  may  take  the  Tangent  of  the  Rumb  which  is 
here  33  gr.  45  m.  from  the  Meridian,  out  of  the  greater  Tangent  on 
the  fide  of  the  SeElor^ and  putting  it  over  between  90  and  99,  make  it  a 
Radius :  then  keeping  the  Settor  at  this  Angle,  take  the  proper  diffe¬ 
rence  of  Latitudes  from  50 gr.  to55£r.  out  of  the  Line  of  Meridi¬ 
ans,  and  lay  it  on  both  fides.of  the  Sector  from  the  Center  :  fo  the  Pa¬ 
rallel  taken  from  the  terms  of  this  difference,  and  mtafured  in  the  Line 
of  flhalifhew  the  difference  of  Longicudetobe  Sgr.i. 

As  D  C  the  Tangent  of  the  Rumb  from  the  Equator, 
to  A  D  the  Radius  : 

So  C  D  the  proper  difference  of  the  Latitudes, 
to  A  D  the  difference  of  Longitude. 

According  to  this,  we  may  beff  work  by  Parallel  entrance,  firft  ta¬ 
king  5 6gr.  15  m.  for  the  Angle  of  the  Rumb  from  the  Equator,  out 
of  the  greater  Tangent,  and  make  it  a  Parallel  Radius :  then  take  the 
proper  difference  of  Latitudes  out  ©f  the  Line  of  Meridians,  and 
carry  it  Parallel  to  the  former  5  fo  we  (hall  find  it  to  crofs  the  Line  of 
Lines  in  $gr .  £.  And  this  is  the  difference  of  Longitude  required,  the 
fame  as  before. 

Rut  if  this  difference  were  to  be  found  by  the  common  Sea-chart, 
it  fhould  feem  to  be  only  3gr.  20  m,  which  is  more  than  two  degrees 
lefs  than  the  truth.  And  yet  this  error  would  be  greater,  if  either 
the  Latitude  be  greater,  or  the  Rumb  fall  nearer  the  Equator,  as 
may  appear  by  comparing  the  common  Sea*  chart  with  the  Table  fol¬ 
lowing. 
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Thefe  Tables  are  calculated  for  each  of  thcRusnbs. 

The  firft  (even  have  three  Columns,  and  of  them  the  nrit  con¬ 
tained!  the  degrees  of  Lititude  from  the  Equino&ial  co  the  Pole  s  the 
fecond  doth  give  the  difference  of  Longitude;  and  the  third  chedi- 
ffance,  both  of  them  belonging  to  that  Rumb  and  Latitude. 

As  in  the  Table  of  the  third  Rumb  ;  at  the  Latitude  of  5°  ^ 

find  under  the  title  of  Longitude  38^.  6^fartsi  and  under  the  title 
of  Diftance  60 gr,  1 3  p-irts.  This  fhews  that  if  the  courfe  held  con- 
ffantly  on  the  third  Rumb  from  the  Equino&ial  to  the  Latitude  of 
50  gr.  the  difference  of  Longitude  would  be  58  gr.  69  parts  of  loo* 
and  the  diftance  upon  the  Rumb  60  gr.  1 3 parts.  For  here  I  reckon  the 
diftance  by  degrees,  rarher  than  by  Leagues  or  Miles,  and  fujbiivi- 
ded  each  degree  into  100  partf,  rather  than  inta  60  minutes,  for  the 
more  eafe  in  Calculation,  and  withal  to  make  the  Calculation  to 
agree  the  better,  both  with  his,  and  my  Crofi-fiaff  and  other  Inftru- 

raents.  . 

The  ufe  of  thefe  Tables,  for  the  finding  of  the  difference  of  Lon¬ 
gitude,  is  this.  Turn  to  the  Table  of  the  Rumb, and  there  fee  what  Lon¬ 
gitude  belongcth  to  either  Latitude,  then  take  the  one  Longitude  out 
of  the  other,  the  Remainder  will  be  the  difference  of  Longitude  re¬ 
quired.  .  .  \ 

As  in  the  former  Example,  where  the  places  given  were  A,  in  the 
Latitude  of  50  gr.  C  in  the  Latitude  of  5  5  gr*  arjd  the  Rumb  the  third 
from  the  Meridian  :  I  look  into  the  Table  of  the  third  Rumb  and 
and  there  find, 

Latitude  jo^r.  Longitude  38 gr.69p4r^ 

•Latitude  55gr.  Longitude  44^.  19. 

Therefore  the  difference  of  Longitude  jgr.  50. 

There  is  another  life  of  thefe  Tablet,  for  the  deferibing  of  the 
Rumb*  both  on  the  Globe,  and  all  fort*  of  Chart*.  For  having  drawn 
the  Circles  of  Longitude  and  Latitude,  and  finding  by  the  Tablet,  the 
the  difference  of  Longitude  belonging  to  each  Rumb  and  Latitudes 
If  we  make  a  prick  in  the  Chart,  at  every  degree  of  Latitude,  accord^ 
ing  to  that  difference  of  Longitude,  and  draw  Line*  through  thofe 
Prick*,  fo  a*  they  make  no  Angles,  the  Lines  fo  drawn  fliall  be  the 
Rumb*  required.  *  j 

Th*  life  of  the  Eighth  Rumb  is  fomething  different  from  the  reft. 
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For  there  being  here  no  change  of  Latitude,  I  have  fee  to  each  Latr 
tude,  the  difference  of  Longitude, be  longing  to  one  degree  of  diftance, 
and  the  diftance  belonging  to  one  degree  of  Longitude. 

As  if  two  places  be  20  Leagues,  or  one  degree  diffant  one 
from  the  other,  in  the  latitude  of  50^.  the  difference  of  Longitude 
between  them  wilLbe  1  gr.  55  farts.  But  if  they  differ  one  degree  in 
Longitade,  the  diftance  between  them  will  be  only  64  parts,  which 
fall  (bore  of  13  Leagues,  or  at themoft  64 gr*  28  parts,  iuchas  10000 
do  make  a  degree. 

6,  By  the  difference  of  Longitude^  Rttmbj  And  one  Latitude ,  to  find  the 
other  Latitude. 

As  if  the  places  given  were  A,  in  the  Latitude  of  50  C  in  a  grea¬ 
ter  Latitude,  but  unknown,  the  difference  of  Longitude  5  and  the 
Rumb  the  third  from  the  Meridian. 

In  the  Chart  let  A  B,  D  C,  Meridians,  be  drawn  through  A  and  C,. 
accordingto  the  difference  of  Longitude,  one  5  p*  ifrom  theother; 
and  a  Parallel  of  Latitude  through  A,  croffing  the  Meridian  CD  in 
D:  then  in  A,  with  A  B,make  an  Angle  of  the  Rumb  B  A  E :  fo  the 
degrees  in  the  Meridian  between  Band  C,  lhall  be  found  tobe^^r. 
the  proper  difference  of  Latitude  which  was  required.  Wherefore. the. 
proportion  holds  For  the  St8orr  5  - 

* 

As  A  D  the  Radius, 

to  D  C  the  Tangent  of  the  Rumb  from  the  Equator  $ 

So  A  D  the  difference  of  Longitude, 

to  D  C  the  proper  difference  of  Latitude. 

•  * 

According  to  this,  1  take  5  6gr,  15  m.  fo*  the  Angle  of  the  Rumb. 
From  the  Equator,  out  of  the  greater  Tangent,  and  make  it  a  Parallel  ; 
Radius.  Then  I  reckon  jgr.  i  in  the  Line  of  Lines  from  the  Center, 
for  the  difference  of  Longitude.  So  the  Parallel  taken  from  the 
terms  of  this  difference,  and  meafured  in  the  Line  of  Meridians,  fiball 
reach  from  $ogr,  the  Latitude  given,  to  5  5  gr.  which  is  the  Latitude 
required. 

Or  jf  the  Rumb  fall  nearer  to  the  Meridian, 
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As  B  C  the  Tangent  of  the  Rumb  from  the  Meridian, 
is  to  A  B  the  Radius : 

So  B  C  the  difference  of  Longitude, 
to  A  D  the  proper  difference  of  Latitude, 

i  '  ft 

According  to  this  we  may  beft  work  by  Parallel  entrance  ;  firft 
take  j  fgr.  45  m.  for  the  Angle  of  the  Rumb  from  the  Meridian,  out 
of  the  greater  Tangent,  and  make  it  a  Parallel  Radius  ;  then  take 
ygr.  i  for  the  difference  of  Longitude  out  of  the  Line  of  Z,W  and 
carry  it  Parallel  to  the  former,  till  the  feet  of  the  Compaffes  flay 
in  like  Points:  fo  the  Line  between  the  Center  and  the  place  of  this 
Ray,  being  taken  and  raeafured  in  the  Line  of  Meridians  from  jo  or 
forward,  fhallfbe  w  the  Latitude  required  to  be  5  y  tr.  as  in  the  former 
way. 

The  hke  “ay  be  found  by  the  Tables  of  Rumbs.  For  in  the  Table 
of  the  third  Rumb,  at  the  Latitude  of  50 gr.  I  find  the  Longitude  of 
•3 8  gr.6gp.  To  this  if  I  add  5  gr.  %op.  for  the  difference  of  Longi- 

tude  given,  the  compound  Longitude  will  be  44  fr.  lQp%  and  this  an- 

fwcrsco  the  Latitude  of  55 gr. 

But  if  this  difference  of  Latitude  were  to  be  found  by  the  com. 
mon  Sea-dharr,  it  fhould  feem  to  be  8  gr.  ij«.  and  fothefecond 
Latitude  fhould  be  j8  gr.  13  *.  which  is  above  3gr.  more  than  the 


7.  By  one  latitude,  Rmb ,  nod  difiance,  to  find  the  difference  of  Lon- 

gitHuC.  „ 

As  if  the  places  given  were  A  in  the  Latitude  of  50  gr.  C  in  a  grea- 
fer  Latitude  but  unknown,  the  diftance  upon  the  Rumb  be  6  or  be¬ 
tween  them,  and  the  Rumb  the  third  from  the  Meridian.  *  *  " 

In  the  Chart,  let  a  Meridian  AB,  and  a-Parallel  AD,  be  drawn 
through  A,  and  in  A,  with  A  B,  make  an  Angel  BAG,  for  the  Rumb 
from  the  Meridian  ;  then  open  the  Compaffes  according  to  the  Lati¬ 
tude  of  the  places  to  EF,  the  quantity  of  6gr.  in  the  Meridian,  tranf. 
ferrmg  them  into  the  Rumb  from  A  to  C,  and  through  C  draw  ano- 
ther  Meridian  D  C,  eroding  the  Parallel  drawn  through  A  in  Dt  fo  tb< 
degrees  intercepted  in  the  Parallel  from  A  toD,  lhall  fliew  the  diffe¬ 
rence  of  Longitude  required  to  be  about  y  gr.  *.  Wherefore  the  pro- 
portion  holds  for  the  Seftor*  v 
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As  A  C  the  Radius,  dim : 

-  is  to  A  D,  equal  to  B  C,  the  Sine  of  the  Rumb  from  th%Mcri- 

So  A  C  the  proper  diftance  upon  the  Rumb, 
to  A  D  the  difference  of  Longitude, 

AccordingtothisI  take  the  Sineof  3$gr.  4?  m.  for  the  Angle  of 
the  Rumb  from  the  Meridian,  and  make  it  a  Parallel  Radius;  then 
keeping  the  SeElor  at  this  Angle,  I  take  6  gr.  for  the  diftance,  out 
of  the  Meridian  Line,  according  to  the  eftimaced  Latitudes  of  both 
places,  and  lay  it  on  both  fides  of  the  Settor  from  the  Center  s  fa 
the  Parallel  taken  from^the  terms  of  thisdiftance,  and  meafured  in 
the  Lines  of  Lims9  fliall  (hew  the  difference  of  Longitude  to  be  about 

5  ^ •  2* 

In  this  and  fome  of  the  Prop,  following,  where  there  is  but  one  La¬ 
titude  known,  there  may  be  foraerimts  an  error  of  a  minute  or  two, 
in  theeftimationof  the  proper  diftance,  yet  it  may  be  rc&ifred  at  a 
fecond  operation. 

This  Proportion  may  alfo  be  wrought  by  the  Tables  of  Rumb?,  For 
according  to  the  Example,  in  the  Table  of  the  third  Rumb,  at  the  La¬ 
titude  of  50  gr.  Hind  the  Longitude  of  38 gr.  6pp.  and  the  diftance 
of6ogr.  13  p*  to  this  I  tM6gr.  for  the  diftance  given*  fo  the  com¬ 
pound  diftance  will  be  66-^r.  13  p-  and  this  anfwecs  to  the  Longitude 
of  44 gr .  19  p.  then  if  I  take  the  oneXongitudc  out  of  the  other,  the 
difference  will  he  %.gn,  50  p*  ts before. 

But  if  this  difference  were  to  be  found  by  the  common  Sea-charr,  it 
fhould  feem  to  be  only  3gr.  20  r*.  which  is  more  than  2  gr.  left  than 
the  truth. 

8.  By  one  Latitude ,  Burnt }  and  dffireme  of  Longitude s}  to  find  the 
difiance • 

As  if  the  placcs..given  were  A,  in  theXatitude  of  50 gr,  C  in  a  grea¬ 
ter  Latitude  but  unknown,  the  difference  of  Longitude  between  them 
being  \gr.  f ,  and  the  Rumb  the  third  from  the  Meridian. 

In  the  Chart-let  A  B,  D  C,  Meridians  be  drawn  through  A  and  C, 
according  to  the  difference  of  Longitude,  and  a  parallel  of  Latitude 
through  A,  crofting  the  Meridian  JtyC  in  D  •  then  in  A,  with  AB, 
make  an  Angle  of  the  Rumb  B  A  C;  fo  the  diffance  on  the  Rumb 
*’  *  from  ; 


> 
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from  A  to  C  taken  and  meafured  in  the  Meridian,  according  to  the 
eftimated  Latitude  of  the  places,  (hall  be  found  to  be  6  gr.  Wherefore 
the  proportion  holds  for  the  SeBor. 

As  A  D,  equal  to  B  C*the  Sine  of  the  Rumb  from  the  Meridian, 
is  to  A  C  the  Radius: 

So  AD  the  difference  of  Longitudes, 

to  A  C  the  proper  diftance  upon  the  Rumb; 

.  •  •-  <  ■' 

According  to  this,  1  take  the  lateral  Radius,  and  make  it  a  Parallel 
Sine  of  45  m.  which  is  here  the  Angie  of  the  Rumb  from  the 
Meridian  ;  then  I  reckon  ^  gr.  £  in  the  Lines  of  Lines  from  the  Cen¬ 
ter,  for  the  difference  of  longitude:  fo  the  Parallel  taken  from  the 
terras  of  this  difference,  and  meafured  in  the  Line  of  Meridians,  ac¬ 
cording  to  the  Latitudes  of  the  places,  (hall  there  £hcw  the  diftance 
required  to  be  about  6gr.  which  arc  1  ao  Leagues. 

Or  if  the  Rumb  fall  nearer  to  the  Meridian,  that  the  lateral  Radi, 
us  cannot’ be  fitted  over  in  his  Sine,  this  Prof,  muff  be  wrought  by 
Parallel  entrance,  and  fo  alfo  i«  gives  the  fame  diftance  as  be¬ 
fore. 

Or  we  may  find  this  diftance  by  the  Table  of  Rumbs.  For  in  the 
Table  of  the  third  Rumb,  at  the  Latitude  of  50^.  I  find  the  Longi¬ 
tude  of  3$gn  69  p.  and  the  diftance  of  60  gr.  1 3  p.  To  this  Longi¬ 
tude  here  found,  I  add  J  gr.  $op.  for  the  difference  of  Longitude 
given:  fo  the  compound  Longitude  will  be  44  gr*  19  p.  and  thisan- 
fwert  to  the  diftance  of  66gr.i^p.  Then  if  I  take  the  one  diftance 

out  of  the  other,  the  remainder  will  be  6  a  p.  for  the  diftance  re¬ 
quired. 

Em  if  this  diftance  were  to  be  meafured  on  the  common  Sea-chart, 
it  fhould  feem  to  be  almoft  10 gr.  or  at  the  leaft  197  Leagues,  above 
77  Leagues  more  than  the  truth. 

.  9.  By  one  Latitude,  diftance ,  and  difference  of  Longitude ,  to  find  the 
Rum K 

As  if  the  places  given  were  A,  in  the  Latitude  of  $0  gn  C  in  a  grea¬ 
ter  Latitude, but  unknown,  the  difference  of  Longitude  between  them 
being  $gr.  £,  and  the  diftance  6  gr •  upon  the  Rumb.  _ 

In  the  Chart  let  A  B,  D  C,  Meridians,  be  drawn  through  A  and  C, 

and 


/ 


I 
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and  a  Parallel  of  Latitude  through  A  j  then  open  the  Compares  ac¬ 
cording  to  the  Latitudes  of  the  places,  to  E  F  the  quantity  of  6  grj 
iu  the  Meridian,  and  fetting  the  one  foot  in  A,  the  ocher  foot  (hall 
crofs  the  other  Meridian  in  C  :  and  if  we  draw  the  right  Line  A  C, 
the  Angle  BAG  (hail  (hew  the  inclination  of  the  Rumb  to  the  Meri¬ 
dian,  to  be  about  11  gr.  4  jw.  Wherefore  the  proportion  holds  for 
th  tSettory 

As  A  C  the  proper  distance  updn  the  Rumb, 
is  to  A  D  the  difference  of  Longitude  .* 

So  AC  Radius, 

to  A  D,  equal  to  B  C,  the  Sine  of  the  Rumb  from  the  Meridian, 

According  to  this,  I  take  the  proper  diftance^^r.  out  of  the  L<ne 
of  Meridians,  and  lay  it  on  both  (ides  of  the  Settor  from  the  Cen- 
1  ter ;  then  I  take  the  difference  of  Longitude  5  gr.  £  out  of  the  Line 
of  Lines,  and  to  it  open  the  Settor  in  the  terms  of  the  former  di- 
ftance  :  fo  the  Parallel  Radius  taken  from  between  po  and  90,  and 
i  meafured  in  the  Sines,  doth  give  about  3  igr.  45  mt  for  the  Rumb  re¬ 
quired. 

But  if  this  Rumb  were  to  be  found  by  the  common  Sea-charr,  it 
fbould  feem  to  beabove  66 gr,  and  fo  almoftthe  fixth  Rumb  from  the 
Meridian. 

-  '  + 

10.  By  the  Longitude  and  Latitude  of  two  places ,  to  find  their  difiance 
upon  the  Rumb, 

Let  the  Setter  be  opened  in  the  Lines  of  Lines  unto  a  right  Angle 
(as  was  (hewed  before  Caf* 2*  7* )  then  take  out  the  proper  dif- 

fercnccof  Latitude*  and  lay  it  on  the  one  Line,  and  the  difference  of 
Longitude,  and  lay  it  on  the  other  line,  fo  as  they  may  both  meet  in 
the  Cent€r,marking  how  far  they  extend.  For  the  Line  taken  from  the 
iterms  of  their  extenfion,  and  meafured  in  the  Meridian,  according  to 
their  Latitudes, (hall  (hew  the  di fiance  required. 

So  if  the  places  given  were  A  and  C,  A  in  the  Latitude  of  50  gr, 

C  in  the  Latitude  of  55  gr,  the  proper  difference  of  Latitude  (hall  be 
the  Line  A  B,  abd  let  B  C  the  difference  of  Longitude  be  5  gr.  we 
(hall  find  that  A  C  the  diftance  upon  the  Rumb  is  about  6  gr,  which 
raake  120  Leagues.- 


T 


For 
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For  in  the  Chart,  let  an  occult  Meridian  be  d  rawn  through  A,  and  a 
Parallel  of  Latitude  through  C,  crofting  the  former  Meridian  in  B, 
and  a  right  Line  for  the  Rumb,  from  A  toC,  fo  have  we  a  Rectangle 
Tr  iangle  A  B  C,  whofe  Bafe  A  C,  taken  and  mcafured  in  the  Men  lan 
from  E  below  $ogr.  to  F, as  much  above  55.gr.doch  contain  the  quan- 

1  In  thefame  manner  the  SeBor  being  opened  to  a  right  Angje,  in  the 
Lines  of  Lines ;  if  we  take  the  difference  of  Latitude  out  or  the  Lme  - 
of  Meridians,  in  his  proper  place  from  50  gr.  to  55  I'-  and  place  11 
on  one  of  the  fides  from  the  Center,  to  refemble  A  B,  then  reckon 
the  difference  of  Longitude  on  the  orher  Perpendicular  Line  from 
the  Center  to  *  gr.  i,  inftead  of  B  C,  we  fhall  have  the  like  Reftangle 
Triangle  on  the  ScBor,to  that  which  we  had  before  on  the  Chart ;  and 
if  we  take  out  the  Bafeof  it,  and  meafure  it  in  the  Line  of  Meridians 
from  below  5  gr.  to  as  much  above  55 gr.  we  fhall  find  as  before,  ti.at  it 

conraineth  about  6gr,  or  120  Leagues.  , 

But  if  this  diftance  were  to  be  meafured  on  the  common  Sea-charf, 

it  fhould  Item  to  be  almoft  T gr,  i,or  245  Leagues ;  which  is  25  leagues 
more  than  the  truth. 


li.Fj  the  Latitude  of  tw  places,  and  the  diftance  upon  the  Rumb,  U 
find  the  difference  of  Longitude, 


Let  the  Srffor  be  opened  in  the  Lnes  of  Lines  to  a  right  Angle,  then 
take  out  the  proper  difference  of  Latitudes*  and  lay  it  on  one  ot  the 
Lines  from  the  Center,  then  take  the  proper  d ,(lance  with  a  pa,r  of 
Compares,  and  letting  one  foot  in  the  terms  of  the  enc*>  *ur" 
the  other  foot  to  the  other  Line  of  the  SeBor,  and  it  fliall  there  fhew 

the  difference  of  Longitude  required.  .  rin 

So  if  the  place  given  were  A,  in  the  Latitude  of  50  gr.  C  in  the  La- 
titude  of  55 gr.  with  6gr.  of  diftance  one  fromanother,  we  wall  find 

their  difference  of  Longitude  to  be  about  5  gr.  i. 

For  in  the  Chart  let  a  Meridian  A  B  be  drawn  for  the  one, and  A  t«, 
A  D,  Parallels  of  Latitude  for  them  both  :  Then  open  the  Compat- 
fes  according  to  the  Latitude  of  the  places, to  E  F  the  quantity  of  6gr. 
in  the  Meridians,  and  fetting  one  foot  in  A,  having  Latitude  of  jog 
turn  the  other  to  the  Parallel  of  55  gr,  and  it  fcall  there  cut  off  th< 
required  difference  0!  Longitude  B  C  5  gft  *• 


The  Vfe  «f the  Meridian  Line .  1  j  9 

In  the  fame  manner,  the  Setter  being  opened  toa  right  Angie,  in  chc 
Lines  of  Lines  if  we  take  the  difference  of  Longitude  out  of  the  Line 
of  Meridians  in  his  proper  place  from  50 gr.  unto  jj  gr.  and  place  it 
on  one  of  the  Lines  from  the  Center ;  then  take  6  gr.  tne  diftance  up¬ 
on  the  Rumb  out  of  the  fame  Line  of  Meridians,  according  to  the  La¬ 
titudes  of  the  places,  and  fet  the  one  foot  in  the  term  of  the  former 
difference,  turning  the  other  foot  to  the  other  Perpendicular  Line,  we 
fhall  find  that  it  willcrofs  it  about  fgr.i  from  the  Center, which  is  the 

difference  of  Longitude  required. 

But  if  this  difference  of  Longitude  were  to  be  bund  by  the  com¬ 
mon  Sea-chart,  it  would  feem  to  beonly  3 gr.  20  m.  which  is  more 
than  2  gr.  row.  lefsthan  the  truth. 


12.  By  one  Latitude,  diftance  and  difference  of  Longitudes,  to  find  the  ilf~ 
fertnee  of  Latitudes* 

1  ^  '  -  -c 

Let  the  Setter  be  opened  in  the  Line  of  Lines  to  a  right  Angle,  and 
let  the  difference  of  Longitude  be  reckoned  in  one  of  thole  L  nes 
from  the  Center  j  then  take  the  proper  diftance  with  a  pair  of 
Compares,  and  fetrDg  the  one  foot  in  the  term  of  the  former  dif¬ 
ference,  turn  the  other  foot  to  the  other  Line  of  the  Setter,  and  he 
Hall  thence  cut  off  a  Line,  equal  to  the  proper  difference  of  Latitude 

required.  .  ,  „  .  .  r  ~ 

So  if  the  places  given  were  A  and  C,A  in  the  Latitude  of  yo^r.C  in 
a  oreater  Latitude  but  unknown,  the  difference  of  Longitude  between 
them  5  gr.  i,  and  the  diftance  upon  the  Rumb  6  gr.  or  1 20  Leagues, 
we  (hall  find  the  difference  of  Latitude  to  be  5  gr. 

For  in  the  Chart,  let  occult  Meridians  be  drawn  through  A  and  C, 
and  a  Parallel  of  Latitude  through  A,  then  open  the  Compaffes  ac¬ 
cording  to  the  eftimated  Latitudes  of  the  places  to  E  F  the  quantity 
of  6 gr.  in  the  Meridian,  and  fetting  the  one  foot  in  A,  turn  the  other 
to  the  Meridian  drawn  through  C,  and  it  (hall  there  cut  off  the  Line 

D  C,  which  is  the  difference  of  Latitude  required. 

In  the  fame  manner,  the-ScSor  being  opened  toa  right  Angle  in 
the  Line  of  Lines,  if  in  the  one  Line  we  reckon  the  difference  of 
Longitude  from  the  Center  to  5  gr.  i,  then  taking  6gr.  for  the  di- 
ftanceoutof  the  Line  of  Meridians,  according  to  the  Latitude  of  the 
places,  we  fet  the  one  foot  in  the  term  of  the  given  difference,  and 

turn  the  other  foot  to  the  other  Perpendicular  Line,  we  thall  find  that 

T  2  it 
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it  cuts  a  Line  from  ir,  which  taken  and  mcafurcd  in  the  Line  of  Meri¬ 
dians,  from  50^.  on  forward,  doth  (hew  the  difference  of  Latitude 
ro  be  as  before  5  gr. 

But  if  this  difference  of  Latitude  were  to  be  found  by  the  com¬ 
mon  Sea-chart,  it  would  feern  to  be  only  2  gr.  25  w*  which  is  igr, 
35  m,  iefs  than  the  truth.  Such  is  the  difference  between  both  thefe. 
Charts. 


THE 


n 


/ 


THE 

THIRD  B 

OF  THE 

SECT 

Containing  the  U(e  of  the  particular  Lines. 

THc  Lines  of  Liner,  of  Superficies,  of  Solids,  of  Sines,  with  the 
lateral  Lines  of  Tangents  and  Meridians,  whereof  I  have  here¬ 
unto  fpoken,  are  thole  which  }  principally  intended*,  that  little 
room  on  the  Setter  which  remaineeh,  may  be  filled  up  with  fuch  parti¬ 
cular  Lhies,  as  each  one  fhall  chink  convenient  for  his  purpofe.  1  have 
made  choice  of  fuch  as  1  thought  might  be  beft  prickr  on  without  h;n- 
dring  the  fight  of  the  former,  viz.  Lines  of  Quadrature,  of  Segment  s% 
of  Infcribed  bodies,  of  Equated  bodi$f  and  of  Metals. 


CHAP.  I. 

Of  the  Lines  of  Quadrature* 

T  He  Lines  of  Quadrature  may  be  known  by  the  Tetter  Q,  and  by 
their  place  between  the  Lines  of  Sines.  hgnifieth  the" fide  of 
a  Square  ;  5  the  fide  of  a  Pentagon  with  five  equal  Tides,  6  of  a  Hexa*' 
gon  with  fix  equal  Tides,  and  fo  j}  8,  9,  and  10.  S  hands  for  the  Semi- 
diameter  of  a  Orcie,  and  90  for  a  Line  equal  to  9ogr%,  in  the  Circling 
Terence.  The  ufe  of  them  may  be  : 

I.  To  make  a  fquare  equal  to  a  Circle  given  : 

2,  To  make  a  Circle  equal  to  a  Square  given. 


w; 


oori 


O  R, 


If- 


f. . 

of  the  Line  of  QnketMi* 


Points  at  Q^,  fhall  be  the  fide  of  the  Square  required. 

If  the  Square  be  given, take  his  fide,  and  to  it  open  the  Setter,  in  the 
Points  at  Q:  So  the  Parallel  taken  from  between  the  Points  at  S,  fhall 
be  the  SeimSiameter  of  the  Circle  required. 

Let  the  Semidiameter  of  the  Circle  given  be  AB,  the  fide  of  the 
Square  equal  unto  it  (hall  be  found  to  be  C  D. 

3.  Tq  reduce  a  Circle  given-*  or  a  Square  into  an  equal  Pentagon,  or 
other  like  Jided  and  like  angled  Figure ♦ 

Take  the  fide  of  the  Figure  given>  and  fit  it  ov£r  in  his  due  Points : 

fo 


Of  the  Lines  of  Segments'* 


fo  the  Parallels  taken  from  between  the  Points  of  the  other -Figures, 
{hall  be  the  Tides  of  thofe  Figures :  which  being  made  up  with  Equal 
AngIcs,Ava!l  be  all  equal  one  to  the  other* 

Let  the  Semidiameter  of  the  Circle  given  be  A  B,  the  fide  of  an 
Hexagon  equal  1  to  this  Circle,  Aiall  by  thefe  means  be  found  to  be 
GHj  and  the  Tides  of  an  O&agonto  be  I  K*  Other  Planes  not  here 
fee  down,  may  fir  fir  be  reduced  into  a  Square,  by  the  fixth  Prop*  St*- 
perf»  *  and  then  into  a  Circle  or  other  of  thefe  equal  Figures,  as  be¬ 
fore,  5 


4.  To  find  a  right  Lins ,  equal  to  the  Circumference  of  a  Circle  }or  other 
part  thereof 


Take  the  Semidiameter  of  the  Circle  given,  and  to  it  open  the  Se - 
ELr  in  the  Points  at r  ;  fo  the  Parallel  taken  from  between  the  Points  at 
90  in  this  Line,  f!  the  fourth  part  of  the  Circumference  :  which- 
being  known,  tht’other  parts  may  be  found  out  by  the  fecond  and 
third  Prop,  of  Lines. 

Thus  if  the  Semidiameter  of  the  Circle  given  be  AB,  the  righe 
Line  E  F  fliall  be  found  to  be  the  fourth  part  of  the  Circumference. 
Therefore  the  double  of  E  F  Avail  be  equal  to  the  Circumference  of 
1 80  gr.  and  the  half  of  E  F  be  the  Circumference  of  45  gr.  and  foin 
the  rclL 


CHAP.  JL 

Of  the  Lines  of  Segments • 

THc  Lines  of  Segments  which  are  here  placed  between  the  Lines 
of  Sine*  and  Superficies  and  are  numbred  by  5,  6,  7,  S,  9, 
10,  do  reprefent  the  Diameter  of  a  Circle,  fo  divided  into  a  hundred 
parties  that  a  right  Line  draw  through  thefe  parts,.  Perpendicular  to 
the  Diameter,  Avail  cut  the  Circle  into  two  Segment?,,  of  which  the 
greater  Segment  fhall  have  that  proportion  to  the  whole  Circle,  as  the 

parts  cut  have  to  100.  The  ufeof  them  may  be, 

-  -  *■  *'v  * 

I.  To  divide  a  Circle  given  into  tm  Segments  according  to  a ‘Proportion 
givtn,  z‘ 


A 


/ 


J  ■ 

I  -* 

§44  of  the  Lines  ef  Segment & 

2.  To  find  4  Proportion  betmsn  a  Circle  and  bus  Segments  given • 

Let  the  Setter  be  opened  in  the  Points  of  ioo  to  the  Diameter  of 
the  Circle  given :  fb  a  Parallel  taken  from  the  Points  proportion* 
hie  to  the  great  Segment  required,  fhall  give  the  depth  of  that  greater 
Segment; 

Or  if  the  Segments  be  given,  let  the  Setter  be  opened  as  before ; 
then  take  the  depth  of  th'e  greater  Segment,  and  carry  it  Parallel  to  the 
Diameter  s  fo  the  number  of  Points  wherein  they  ftay,  (hall  ihew  the 
proportion  to  zoo. 
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As  if  the  Diameter  of  the  Circle  given  were  B  L,  the  depth  of  the 
greater  Segment  L  O  being  7  5,  doth  fhew  the  proportion  of  the  Seg¬ 
ment  O  M  L  N  to  the  Circle,  to  be  as  75,  to  iog  •  visa,  three  parts  of 
four. 

Hence  I  might  fhew,  if  there  were  any  ufe  of  it, 

/ 

•  V  .  s  \ 

2 •  To  find  the  fide  of  a  Square,  equal  to  Any  known  Segment  of  a  Circle, 


The  fide  of  a  Square  equal  to  the  whole  Circle,  may  be  found  by  the 
former  Chap,  and  then  having  the  proportion  of  the  Segment  to  the 
Circle,  we  may  diminifli  the  Square  in  fuch  proportion  by  that  which 
hath  bcenfhewed  Lib*  1.  Cap.  3.  Prop.  3. 


CHAP.  III. 

'  V  ,  \  .  % 

Of  the  Lines  of  Infcribed  'Bodies. 

\  \  "  I  '  -  ■  1 

THe  Lines  of  Infcribed  Bodies  arc  here  placed  between  the  Lines  o£ 
Lines, and  may  be  known  by  the  letters  D,S,I>C,0,T,  of  which  D 
fignifieth  the  fide  of  a  Dodecahedron ,  I  of  an  Ifcofahedron ,  C  of  a  Cube, 
Oof  an  Octahedron,  and  Tof  a  Tetrahedron ,  all  infcribed  into  the  fame 
Sphere,  whofe  Semidiameter  is  here  fignified  by  the  letters. 

The  ufe  of  thefe  Lines  may  be. 


1.  The  Semidhmeter  of  a  Sphere  being  given,  to  find  the  fides  of  the  five 
regular  *Bodies%  which  mty  be  infcribed  in  the /aid  Sphere . 

2;  The  fide  of  any  of  the  fivr  regular  Bodies  being  given,  to  find  the  Semi¬ 
diameter  of  a  Sphere ,  that  will  circumfcribcthe  faid  Body. 

I  *• 

->  ..  , .  .  /  ....  .... 

If  the  Sphere  be  firft  given,  take  his  Semidiamecer,  and  to  it  open 
the  SeCtor  in  the  Points  at  S  s  if  any  of  the  other  bodies  be  firft  given, 
jtake  the  fide  of  it,  and  fit  it  over  in  bis  due  Points :  fo  the  Parallel  ta¬ 
ken  from  between  the  Points  of  the  other  bodies,  fhall  be  the  fidesof 
chofe  bodies,  and  may  be  infcribed  into  the  fame  Sphere. 
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So  if  the  Semidiameter  of  the  Sphere  be  A  C,  the  fide  of  the  Dode¬ 
cahedron  inferibed  (hall  be  D  E. 


CHAP.  IV. 

Of  the  Lines  of  Equated  bodies. 

THe  Lines  of  Elated  bodies ,  are  here  placed  between  the  Lines  of 
Lines  and  Solids,  noted  with  thefe  letters  0,1,0,  S,  0,T,  of  which 
D  ftands  for  the  fide  of  a  Dodecahedron ,  I  for  the  fide  of  an  Icofahedron, 
C  for  the  fide  of  a  Cube,  S  for  the  Diamerer  of  a  Sphere ,  O  for  the  fide 
©f  an  Ottabgdron,  and  T  for  the  fide  of  a  Tetrahedron,  all  equal  one  to 
the  other.  The  ufe  of  thefe  Lines  may  be, 

7  »  *.  «  >  r  > 

V  -  .  '  f 

I.  The  Diameter  of  a  Sphere  being  given,  to  find  the  fides  of  the  five  re¬ 
gular  bodies ,  equal  to  that  Sphere . 

2.  The  fide  of  any  of  the  five  regular  bodies  being  given,  to  find  the  Dia¬ 
meter  of  a  Sphere,  and  the  fides  of  the  other  bodies,  equal  to  the  firfi 
body  given. 

If  the  Sphere  be  firfi  given,  take  its  Diameter,  and  to  is  open  the 
SeUor  in  the  Points  at  S :  if  any  of  the  other  bodies  be  firfi  given, 
take  the  fide  of  it,  and  fit  it  over  in  his  due  Points ,  fo  the  Para’lels  ta¬ 
ken  from  between  the  Points  of  the  other  bodies,  (hall  be  the  fides  of 
thofe  bodies  equal  to  the  firfi  body  given. 

Thus  in  the  lafi  Diagram, if  the  Diameter  of  a  Sphere  given  be  E  G, 
the  fide  of  the  Dodecahedron  equal  to  this  Sphere, would  be  found  to  be 


FG. 


CHAP.  V. 


Of  the  Lines  of  Metals . 

THe  Lines  of  Metals  are  here  joyned  with  thofe  before  of  Equated 
WiVr,andarc  noted  with  thefe  Characters,  ©,  5, 1?;  j>,  9,cf,Vi 
of  which  ©  ftands  for  Gold,  9  for  Quickfilver,  tor  Lead,  for  Sil¬ 
ver,  9  for  Copper,  <f  for  Iron?  and  %  for  Tin.  The  ufe  of  them  is  to 

gi  VC 
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give  a  proportion  beween  thefe  feveral  Metals*  in  their  magnitude  and 
weight,  according  to  the  experiments  of  Marinvu  Cjhetaldus,  in  his 
book  called  ‘Prmotm  ^Archimedes. 

!.  In  like  bodies  ef  feveral  Metals,  and  equal  weighty  having  the  Magni¬ 
tude  of  the  one,  to  find  the  magnitude  of  the  reft% 

Take  the  magnitude  given  out  of  the  Lines  of  Solids,  and  to  it  open 
the  Setter  in  the  Points  belonging  to  the  Metal  given :  fo  the  Parallels 
taken  from  between  the  Points  of  the  other  Metals,  and  mcafured  in 
the  Lines  of  Solids,  fhall  give  the  magnitude  of  their  bodies. 

Thus,  having  Cubes  or  Spheres  of  equal  weight,  but  feveral  Me- 
tals,  we  fhall  find,  that  if  thofeof  Tin  contain  10000D,  the  others  of 
Iron  wiifeontain  9250,  thofc  of  Copper  8222,  thofc  of  Silver  yi6i> 
thofeof  Lead 64 3 5,  chofe  full  of  Quickfilver  5493,  and  thofe  of 
Gold  3  895. 

1  *  *  *  - 

N  -  . 

2»  In  like  bodies  of  feveral  Metals  and  equal  magnitude,  having  tht 
weight  of  m,  to  find  the  weights  of  the  reft . 

This  Propofition  is  the  converfe  of  the  former,  the  proportion  not 
dire&,  but  reciprocal,  wherefore  having  two  like  bodies,  take  the  gi¬ 
ven  weight  of  the  one  out  of  the  Lines  of  Solids,  and  to  it  open  the 
Setter  in  the  Points  belonging  to  the  Metal  of  the  other  body  :  fo  the 
Parallel  taken  from  the  Points  belonging  to  the  body  given,  and  mea¬ 
fured  in  the  Lines  of  Solids ,  fhall  give  the  weight  of  the  body  required. 

As  if  a  Cube  of  Gold  weighed  38/.  and  it  were  required  to  know 
the  weight  of  a  Cube  of  Lead  having  equal  magnitude.  Firft  I  take 
58/,  for  the  weight  of  the  golden  Cube  out  of  the  Lines  of  Solids, 
and  put  it  over  in  the  Points  of  ]j  belonging  to  Lead  :  f©  the  Parallel 
taken  from  between  the  Points  of  ®  (landing  for  Gold,  and  meafured 
in  the  Lines  of  Solids,  doth  give  the  weight  of  the  leaden  Cube  requi-. 
red  to  be  13/.  ' 

Thus  if  a  Sphere  of  Gold  (hall  weigh  10000,  we  fhall  find  that  a 
Sphere  of  the  fame  Diameter  full  of  Quickfilver  fhall  weigh  7143,  a 
Sphere  of  Lead  6053,  a  Sphere  of  Silver  5438,  a  Sphere  of  Copper 
4737§a  Sphere  of  Iron  41 1  o,  and  a  Sphere  of  Tin  3895. 

U  2  $  %4 
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3 .  A  body  being  given  of  one  Metaly  to  make  another  like  unto  it  of  an * 
othez  Metal,  and  equal  weighty 

*  Take  out  one  of  the  Tides  of  the  body  given,  and  put  it  over  in  the 
Points  belonging  to  his  Metal :  fo  the  Parallel  taken  from  between  the 
Points  belonging  to  the  other  metal,  fhall  give  the  like  fide,  for  the 
body  required.  If  it  bean  irregular  body,  let  the  other  like  Tides  be 
found  out  in  the  fame  manner. 


Let  the  body  given  be  a  Sphere  of  Lead  containing  in  Magnitude 
1 6  d}  whofc  Diameter  is  A,  to  which  I  am  to  make  a  Sphere  of  Iron, of 
equal  weight:  If  I  take  out  the  Diameter  A,  and  put  it  over  in  the 
Points  of  I?  belonging  to  Lead,  the  Parallel  taken  from  between  the 
Points  of  &  >  (landing  for  Iron,  fhall  be  B,  the  Diameter  of  the  Iron 
Sphere  required.  And  this  compared  with  the  other  Diameter,  in  the 
Lines  of  Solidt9  will  be  found  to  be  23  d.  in  magnitude. 

4.  A  body  being  given  of  one  Metalyto  makje  another  like  unto  it  of  another 
Metaly  according  to  a  weight  given . 

Firft ,  find  the  Tides  of  a  like  body  of  equal  weight,  then  may  we  ei¬ 
ther  augment  or  diminifh  them  according  to  the  proportion  given,  by 
that  which  we  fhewed  before  in  the  fccond  and  third  ‘Prop,  of  Solids, 

As  if  the  body  given  were  a  Sphere  of  Lead,  whole  Diameter  is  A, 
and  jt  were  required  to  find  the  Diameter  of  a  Sphere  of  Iron,  which' 

Ihafl  weigh  three  times  as  much  as  the  Sphere  of  Lead:  I  take  A,  and 
put  it  over  in  the  Points  of  his  Parallel  taken  from  between  the 
Points  of  ef,  fhall  give  me  Bfor  the  Diameter  of  an  equal  Sphere 
of  Iron :  if  this  be  augmented  in  fuch  proportion  as  1  unto  3, it  givetfc 
C,  for  the  Diameter  required.. 


CHAP.  ‘VI. 

Of  the  Lines  on  the  edges  of  the  Sett  or* 

HAving  fhewcd  fomc  ufe  of  the 
Lines  on  the  flat  Tides  of  the 
Settory  there  remain  only  thofe  on 
the  edges.  And  here  one  half  of  the 
outward  edge  is  divided  into  inches,, 
and  numbred  according  to  their  di- 
ihnee  from  the  ends  of  the  Settor. 
As  in  the  Settor  of  fourteen  inches 
long,  where  we  find  i  and  1 ?,  it 
fheweth  that  divifionto  be  1  inch 
from  the  nearer  end, and  13  inches 
from  the  farther  end  of  the  Settor ... 

The  other  halfcontaineth  a  Line 
of  lefier  Tangents,  to  which  the 
Gnomon  is  Radiusi  They  arc  here; 
continued  toy$gr,  And  if  there  be 
need  to  produce  them  fahher, Take 
45  dy  out  of  the  number  of  degrees 
required,  and  double  the  remain¬ 
der:  fo  the  Tangent  and  Secant  of 
this  double  remainder  being  added,, 
fliall  make  up  the  Tangent  of  the 
degrees  required* 

As  if  A  B  being  the  Radius*and 
BG  the  Tangent  Line,  it  were  re¬ 
quired  to  find  the  Tangent  of  75? 
gr*  If  we  take  4  $  gr„  out  of  75  gr. 
the  remainder  is  30  gr.  and  the 
double  6o|r.whofe  Tangent  is  B  D, 
and  the  Secant  is  A  D  :  if  then  we 
add  A  D  to  B  D,  it  maketh  B  C,the 
Tangent  of  75  gr.  which  was  requi¬ 
red*  In  like  fort,  the  Secant  oi  61 
|f*  added  to  the  Tangent  of  61  gr. 

giveth, 


*  5°  0/  the  Lines  on  the  edges  of  the  Setter'. 

giveth  the  Tangent  of  75  gri  30  m.  and  the  Secant  of  6z  gr.  added  to 

sjszs  s?£  t“e*"'  ot  *  *  *•*  <*• 

/  ’  *  ,  . . 

To  obftrve  the  Alt  it  Hie  of  the  San. 

■  H°!d‘he  St^r  (o « the  Tangent  B  C.majrbe  Vertical.and  the  Gno- 
>  raon  B  A,  parallel  to  the  Horizon  ;  then  turn  the  Gnomon  toward  the 

SaSL  A, C,aft/,ftadJ°W?p?nthe  TanSent»  and  ‘he  end  of  the 
ihadow  fliall  ftew  the  A  titude  of  the  Sun.  So  if  the  end  of  the  Gno¬ 
mon  at  A,  do  give  a  lhadow  unto  H,  it  fheweth  that  the  Altitude  is  58 
'  «£r*  1*  then  6ogr>  and  fo  in  the  red,  ^ 

There  it  another  ufe  of  this  Tangent  Line,  for  the  drawing  of  the 

poli  cions"  UP°n  8H  ordinary  Piane>  wl,ereof  I  will  fet  down  thefe  Pro- 

/  .  •  ..  ..  i 

l .  To  Arm  the  hour  Lines  upon  an  HorUontal  Plane. 

1.  To  draw  the  hour  Lines  upon  a  Aire #  Vertical  Plane. 

Firft  draw  a  right  Line  AC  for  the  Horizon,  and  the  Equator  and 
croft  (t  at  the  Point  A,  about  the  middle  of  the  Line,  with  A  B  an¬ 
other  right  Line,  which  may  ferve  for  the  Meridian,  and  the  hour  of 

1  * ;  then  take  out  15 gr.  out  of  the  Tangents,  and  prick  them  down  in 
the  Equator  on  both  (ides  from  12 :  fo  the  one  Point  fhall  ferve  for  the 
hour  of  1 1,  and  the  other  for  the  hour  of  1.  Again,  take  out  the  Tan 
gent  of  jon,  and  prick  it  down  in  the  Equator  on  both  fides  from  1 *  • 
fo  the  one  of  thefe  Points  Hull  ferve  for  the  hour  of  1  o,  and  the  ot  to 
for  tne  hour  of  2.  In  like  manner  may  you  prick  down  the  Tangent  of 
45  r*  for  the  hours  of 9  and  3,  and  the  Tangent  of  60  or  forthe  hours 

Of  8  and  4,and  the  Tangent  of  7Jr.for  the  hours  of7  and  j. 

Or  if  any  pleafe  to  fet  down  the  parts  of  an  hour,  he  mav  allow 
7  gr.  30  ».  for  every  half  hour,  and  3  gr.  45  *.  for  every  quart? 
This  done,  you  are  toconfider  the  Latitude  of  the  place,  and  the  q  u- 
lity  of  the  Plane.  So  the  Secant  of  the  Latitude  foall  be  theScmui  l 
meter  in  a  Vertical  Plane  and  the  Secant  of  the  Complement  of  the 
Latitude  in  an  Horizontal  Plane.  *  cnc  01  tne 

and  prick  i.  down  in  die  Meridian  Iint’&  A,oV,"lhc 

Poinc 
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Point  V  fhal  be  the  Center :  and  if  you  draw  right  Line*  from  V  mr 
to  ii,  and  io,and  the  reft  of  the  hour  Points,  they  fiiailbe  the  hour 
Lines  required.  ^ 

But  if  the  Plane  be  Horizontal,  then  you  arc  to  take  out  A  H  the 
Secant  of  fSgr,  30  m.  for  the  Scmidiameter,  and  prick  it  down  in  the 
Meridian  Line  from  A  unto  H ;  fo  the  right  Lines  drawn  from  the 
Center  H  unto  the  hour  Points,  fhal  1  be  the  hour  Lines  required ;  on¬ 
ly  the  hour  of  6  is  wanting,  and  that  muft  always  be  drawn  Parallel  to 
the  Equator,  through  the  Center  V  in  a  Vertical,  through  the  Cen¬ 
ter  H*  in  an  Horizontal  Plane. 

This  being  done,  if  you  fet  the  Lines  A  H,  H  V,  to  aright  Angle 
(  H  A  V)  the  right  Line  H  V  the  Bale  of  this  Triangle  fliali  be  the 
Axis  of  the  ftyfe  for  either  Plane*  \ 

„  r  /  ]  :  *,  *  I- 

3.  To  draw  the  hstir  Lines  en  d  Polar  Plane, 

4.  To  draw  the  hour  Lines  on  a.  Meridian  Plane, 

Ina  Polar  Plane  the  Equator  may  be  alfo  the  fame  with  the  Horizon¬ 
tal  Line,  and  the  Hour  Points  may  be  pricked  on  as  before, but  the  hour 
Lines  muft  be  drawn  Parallel  to  the  Meridian. 

In  the  Meridian  Plane,  the  Equator  will  cut  the  Horizontal  Line 
with  an  Angle  equal  to  the  Complement  of  the  Latitude  of  the  place; 
then  may  you  make  choice  of  the  Point  A,  and  there  crofs  the  Equator 
witha  right  Line,  which  may  fervefor  the  hour  of  6:  (o  the  Tangenc 
of  1 5  gr.  being  pricked  down  in  the  Equator  on  both  Tides  from  6, fliali 
ferve  for  the  hours  ofj  and  7 ;  and  the  Tangent  of  3  o  gr.  for  the  hours 
of  8  and  4,  and  the  Tangent  of  4^5  gr.  for  /he  hours  of  3  and  9 ;  and 
the  Tangent  of  60  gr.  for  the  hours  ©f  ?  and  10  ;  and  the  Tangent  of 
7  $  gr.  for  the  hours  of  1  and  if.  And  if  you  draw  right  Lines  through 
thclc  hour  Points,  crofting  the  Equator  at  right  Angles,  they  fliali  be 
the  hour  Line  required. 

The  Subftilar  will  be  the  fame  with  the  hour  of  12  in  the  Polar 
Plane*  and  with  the  hour  of  6  in  the  Meridian  Plane :  the  Axes  of  the 
ftile  may  be  Parallel  to  the  Subftilar  in  either  Plane  according  to  the 
diftance  of  the  third  hour  from  the  Subftilar; 

5.  To  draw  the  honr  Lines  in  a  Vertical  Declining  ‘Plane. 

Firft,  draw  A  V  the  Meridian,  and  A  E  the  Horizontal  Line, 

crofting 


* 
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eroding  one  (he  other  al  right  Angles  in  the  point  A. 

2. Then  take  oat  A  V,the  Secant  of  the  Latitude  of  the  piace,which 
you  may  fuppofe  to  be  5  and  prick  it  down  in  the  Meridian 

Line  from  A  unto  V; 

j.Becaufe  it  is  a  declining  Plane,  and  you  may  fuppofe  it  to  decline 

X  lOgr* 
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40 gr*  Eaftward,  you  arc  to  make  an  Angle  of  the  Declination  upon 
the  Center  A,  below  the  Horizontal  Line,  and  co  the  left  hand  of  the 
Meridian  Line,  becaufethe  declination  i&Eaftward,  for  otherwifeit 
jfaould  have  been  to  the  right  hand,  if  the  Declination  had  been  Weft* 
ward.  * 

4.  Take  AH,  the  Secant  of  the  Complement  of  the  Latitude  out  of 
the  Senior,  and  prick  it  down  in  the  Line  of  Declination  from  A  unto 
H,  as  you  did  before  for  the  Semidiameter  in  the  Horizontal  Plane. 

$.  Draw  a  Line  at  full  length  through  the  Point  A,  which  rouft  be 
Perpendicular  unro  AH,  and  cut  the  Horizontal  Line  according  to  the 
Angles  of  Declination,  and  it  will  be  as  the  Equator  in  the  Horizon¬ 
tal  Plane. 

6 •  Take  the  hour  Points  out  of  the  Tangent  Line  in  the  Strand 
prick  them  down  in  this  Equator  on  both  Tides  from  the  hour  of  12 
at  A.  .  ' 

7 .  Lay  yo  ur  Ruler,  and  draw  right  Lines  through  the  Center  H, and 
each  of  thefe  hour  Points :  fo  have  you  all  the  hour  Lines  of  an  Hori¬ 
zontal  Plane,  only  the  hour  of  &  is  wanting,  and  that  may  be  drawn 
through  H  Perpendicular  to  H  A. 

Laftly,  you  are  to  obferve  and  mark  the  Interfe&ions,  which  thefe 
hours  lines  cb  make  with  A  E  the  Horizontal  Line  of  the  Planet  and 
then  if  you  draw  right  Lines  through  the  Center  V,  and  each  of  thefe 
Interfe&ions,  they  ftiall  be  the  hour  Lines  required. 

The'Line  H  F  draw  up  to  the  Horizon,  and  Parallel  to  the  Meridian, 
will  give  the  Subfhiar  V  F  :  The  Line  FG  drawn  Perpendicular  to- 
¥  F,  and  equal  to  F  H>  will  give  V  G,  the  Axis  of  the  ftile*. 

6+  To  prick^down  the  how  Points  another  way. 

Having  drawn  a  right  Line  for  the  Equator  as  before,  and  made 
choice  of  the  Point  A,  for  the  hour  of  11 1  you  may  at  pleafure  cut 
off  two  equal  Lines  A  r©,and  A  2.  Then  upon  the  diftance  between 
roandz,  make  an  Equilateral  Triangle,  and  you  (hall  have  B  for  the 
Center  of  your  Equator,  and  the  Line  A  B  (Rail  give  the  diftance  from 
A  to  9,  and  from  A  to  3.  That  done,  take  out  the  diftance  between  9 
and  3,  and  this  fhall  give  the  diftance  from  B  unto  8,  and  from  B 
unto  4;  again,  from  4  to  £  1,  and  from  8  unto  1,  andalfo  from  fftoy. 
So  have  you  the  hour  Points,  and  if  you  take  out  the  diftance  B  i,B 
B  $,  &c.  You  may  find  the  Points  not  only  for  the  half  hours,  bucalfo 
for  the  quartern  But 
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But  if  it  to  fall  out,  that  Come  of  thefe  hour  Points  fall  out  of  your 
Plana,  you  may  helpyour  felf  by  the  larger  Tangent,  both  in  the  Ver¬ 
tical,  and  Horizontal  Plane?. 

For  if  at  the  hour  Points  of  3  and  9,in  the  Scheme  of  the  Horizontal 
and  Vertical  Dials,  you  draw  occult  Lines  Parallel  to  the  Meridian ; 
the  diftances  D  C  between  the  hour  Line  of  6,  and  the  hour  Points  of 
3  and  9,  will  be  equal  to  the  Semidiaraeter  A  V  in  a  Vertical,  and  A  H 
in  a  Horizontal  Plane,  and  if  they  be  divided  in  fuchfort  as  the  Line 
A  G  is  divided,  you  (hall  have  the  Points  of  4,  and  5 ,  and  7,  and  8, with 
their  halfs  and  quarters.  '  , 

As  in  the  Horizontal  Plane,  take  out  the  Semidiameter  AH,  and 
make  it  a  Parallel  Radius  by  fitting  it  over  in  the  Sines  of  90  and  90 : 
Then  take  1 5  gr.  out  of  the  larger  Tangent  and  lay  them  on  the  Lines 
of  Sines,  where  they  will  reach  from  the  Center  unto  the  Sines  of 

15  jr.  3 a  m.  therefore  takeout  the  Parallel  Sine  of  1  ygr.  3 1  m.  and  it 
lhall  give  the  diftance  from  6  unto  y,  and  from  6  unto  7,  in  your  Ho¬ 
rizontal  Plane.  That  done,  take  out  30.gr.  outof  the  larger  Tangent, 
and  lay  them  on  the  Sines,  from  the  Center  unto  the  Sines  of  3  5  gr. 

16  m.  and  the  Parallel  Sine  of  35.fr.  1 6  m.  lhall  give  you  the  dutance 
from  6  unto  4, and  from  6  unto  8,  in  your  Horizontal  Plane.  The  like 
may  be  done  for  the  half  hours  and  quarters. 

So  alfo  in  the  Vertical  declining  Plane.  1£  you  fir  ft  take  out  the  Se¬ 
cant  of  the  declination  of  the  Plane,  and  prick  it  down  in  the  Hori¬ 
zontal  Line  from  A  unto  E,  and  through  E  draw  right  Lines  Parallel 
to  the  Meridian,  which  will  cut  the  former  hour  Lines  of  3  and  9,  or 
one  of  them  in  the  Point  C ;  then  take  out  the  Semidiameter  A  V,  and 
land  prickit  down  in  thefe  Parallels  from  C  untoD,  and  draw  right 
Lines  from  A  unto  C,  and  from  V  untoD,  the  Line  V  Dihall  be  the 
hour  of  6 ,  and  if  you  divide  thefe  Lines  A  C  and  D  C,  in  fuch  fort  as 
you  divided  the  like  Line  D  C  in  the  Horizontal  Plane,  you  lhall  have 
i  all  the  hour  Points  required. 

Of  you  may  find  the  Point  D,  in  the  hour  of  6 ,  without  knowledge 
either  of  HorC.  For  having  prickt.down  A  V  in  the  Meridian  Line, 
land  A  E  in  the  Horizontal  Line,  and  drawn  Parallels  to  the  Meridian 
through  the  Points  at  E, you  may  take  the  Tangent  of  the  Latitude  ou* 
of  the  Senior,  and  fit  it  over  intheSinesof  90  and  90:  fo  the  Parallel 
Sine  of  the  Declination  mealured  in  the  fame  Tangent  Line,  lball  there 
llhewthe  Complement  ef  the  Angle  D  V  A,  which  the  hour  Line  of  6 

maketh  with  the  Meridian;  then  having  the  Point  D,  take  out  the  Se 

X  z  midiameter- 
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midiameter  V  A,  and  prick  it  down  in  ihofe  Parallels  from  D  unto  C : 
fo  fhall  you  have  rhe  Lines  DC  and  AC  to  be  divided  as  before. 

The  like  might  be  ufed  for  the  hour  Lines  upon  all  other  Planes.  But 
I  muft  not  write  all  that  may  be  done  by  the  Se&or.  It  may  fuffice  that 
I  have  wrote  fomething  of  the  Ufe  of  each  Line,  and  thereby  given  the 
ingenuous  Reader  occasion  to  think  of  more.  ^ 


The  Conclufion  to  the  Reader. 

\ 

IT  is  mU  known  to  Many  of  you,  that  this  Seftor  was  thus  contrived ,  the 
mofipartof  this  Book^  written  in  hating  many  Copies  tranferibed  and 
differ jed  more  thanfixteen  years  fmee,  1  am.atthe  laft  contented  to  give  way 
that  it  come  forth  in  Englifh.  Not  that  I  thinks  it  worthy  either  of  my  labour 
or  the  publlchyuw ,  but  partly  to  fatisfie  their  imp  or  t  unity ,  who  not  under - 
ft  anting  the  Lathe ,  yet  were  at  the  charge  to  buy  the  Inftrumenty  and  parth 
for  my  own  eafe.  For  as  it  is  painful  for  others  totranferibe  my  Cepy>  foitis 
troublefome  for  me  to  give  fatisfattion  herein  to  all  that  defire  it.  If  J  find 
this  to  give  you  content  y  it  fhall  incourage  me  to  do  the  like  for  my  Crofs- 

ftafl-,  and  fome  other  Jtnft ruments*  In  the  mean  time  bear  with  the  Printers 
fault  Sy  and  fo  l  reft * 


Grefbam  Coll.  iMaij.  1625.  E.  Cj, 
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CHAP.  I. 


Sector  in 


Mongft  the  many  Writers  chat  have  been  upon  the 
Se&or,  Mr.  Cjanter  hath  done  beR,  the  Lines  of  his  In- 
Rrument  being  moR  in  number,  ardof  the  mort  for¬ 
mal  contrivance,  and  moR  Jargefy  Commented  upon  2 
yet  fome  Inconveniences  have  been  found  in  the  Life  of 
that  InRrument :  Partly  beca'ufe  his  Lines  of  Tangents,  Secants,  and 
Rumbs,or  Meridional  parts  come  not  from  the  Center,  and  fo  could 
notin  all  cafes  with  convenience  admit  of  proportional  Works;  and 
partly  becaufe  he  had  no  Line  of  verfed  Sines,  (of  which  in  his  Book 
there  is  good  life,  and  might  have  been  much  more)  but  inilesd 
thereof  he  is  compelled  toufeche  Line  of  right  Sines,  which  is  but 
half  of  the  whole  Scale  of  verfed  Sines,  and  belidcs  the  parts  of  it  Rand 
the  contrary  way,  fo  that  the  fitting  of  the  proportional  terms  where-  • 
by  to  work  with  halfe  the  Scale  inftead  of  the  whole,  and  then  the 
application  of  the  parts  from  one  end  to  the  other,  will  be  not  a  little 
troublefbme*  k 

lb. 
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To  rtmedy  thefe  and  other  like  defers,  I  hare  altered  the  form  of 
the  Se&or  once  more. 

i.  By  diminifhing  the  number  of  the  old  Scales  for  inftead*  of 
two  of  each  kind,  here  is  but  one. 

a.  By  taking  the  Meridian  Line  quite  away  $  and  fupplying  the  life 
thereof  by  other  means. 

3*  By  bringing  the  Scales  of  Tangents  and  Secants  to  the  Center. 

4,  By  adding  aXinc  of  the  Verfed  Sines,  and  fome  other  Scales  of 
good  ufe. 

y.  And  by  changing  the  form  of  working  upon  the  Inftrument :  of 
all  which  things  I  (hall  give  an  account  in  this  following  Treatife :  but 
firil  it  will  berequifite  to  defcribe  the  order  and  difpofition  of  the 
Lines,  how  each  of  them  is  to  be  placed. 


CHAP.  II.  .  | 

4  -  .  t 

How  the  fever d  Lines  are  di  fpofed  upon  the  Se&or. 

WHereas  in  other  Se&ors  there  are  always  two  Lines  of  one 
kind,  upon  each  Leg  one,  anfwcring  to  the  like  Scale  upon  the 
other  Leg,  in  this  there  is  bur  one  Line  of  one  kind,  from  whence  it 
comes  to  pafs,  that  one  fide  or  Hat  of  this  Se&or  holds  all  the  Scales 
that  are  drawn  from  the  Center,  and  do  fill  up  both  (ides  of  the  other, 
and  by  thi  s  means  the  other  fide  is  free  for  other  Scaler. 

Upon  one  Leg  therefore  of  the  firft  fide  are : 

1 .  A  Line  of  equal  parts. 

2.  A  Line  of  Solids,  and  between  thefe  two  Scales  and  the  edge, 
there  arc  inferred  two  particular  Scales  more.  Namely, 

3.  Of  Infcribed  bodies. 

4.  Of  ^Equated  bodies, with  a  Scale  of  Metals.  So  again,  upon  the 
other  Leg,  there  are: 

5.  The  Lines  of  Sincf.  * 

6.  The  Lines  of  Superficies,  and  between  them  two  Scales  and  the 
edge  are  infcribed  two  other  particular  Scales  :ar, 

7.  The  Line  of  Quadrature.  And, 

8.  Segments.  All  thefe  Scales  are  drawn  from  the  Center,  and  be*  • 
ingmeafured  from  thence,  are  all  of  one  length:  and  do  lie  atfuch 

Angles 
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Angles  one  from  another,  and  to  the  edges  of  theSe&or,  wiiigfcg 
them  convenient  distance.  So  that  this  one  fide  of  the  Inftrument  doth 
now  contain  fo  many  Lines  of  Scales,  coming  from  the  Center,  as  were 
before  on  both  Tides.  ,o 

Upon  the  fecond  fide  of  the  Sedlor  arc  four  Scales,  two  upon  one 
Leg,  and  two  upon  the  other.  As  namely  upon  one  Leg, 

9.  Ver fed  Sines,  with  a  Zodiack  Line  annexed  to  it, 

10.  A  Line  of  Tangents  going  up  to  63 .  gr.  26  m. 

11.  A  Line  of  Secants  glfrig  up'to^qjr*) 

12.  A  Line  of  Chords  going  up  to  90  gr. 

AU  thefe  are  drawn;  from  chd  Center v  and,  all  of  one  length  with 
thofeon  the  other  fide  of  the  Inftrument.  The  Radius  of  the  Verfed 
Sines,  Tangents,  and  Secant  Lines  are  juft  half  of  the  whole  inferibed 
Lines,andfowillbeof  very  good  ufe  in  the  working  of  proportions, 
and  in  the  projeding  of  the  Sphere  very  commodious. 

The  defeription*  of  each  Scale  may  be  made  by  thofe  Tables,  and  in 
that  manner  that  Mr.  Gunter  hath  direded. 

Between  chefe  four  Scales  may  be  placed  other  Scales  of  good  ufe, 
tending  towards  (  though  not  running  up  to  )  the  Center, as  a  Tangent 
of  three  hours  of  good  ufe  in  Dialling,  and  other  the  like  Lines. 

Of  the  other  Line  i  inferibed  on  the  edges  and  /pare  places  of  the  Setter. 

If  the  Se&or  be  made  of  wood,  it  will  require  fome  competent 
thickncfs,  fo  that  the  edges  will  be  large  enough  to  receive  fome  ufe- 
fu!  Scales  alfo. 

j  ThcSedor  then  being  opened,  and  fomade  a  (freight  Rular  ;  the 
I  outer  edge  hath  inferibed  upon  it  the  three  ufual  Scales  of  Logarithme- 
jticali  Numbers,  Sines  and  Tangents.  The  inner  edge  hath  two  Scales 
upon  each  Leg,  one  pair  of  thofe  Scales  upon  one  Leg, is  to  find  the 
|  mean  Diameter,  and  one  of  them  is  divided  into  14  equal  parts,  the 
other  (  of  the  fame  length  with  it )  is  divided  into  2©  equal  parts,  each 
of  them  fubdivided  decimally.  The  other  pair  of  Scales  upon  the 
|  other  ..Leg  is  alfo  divided  equally,  one  of  them  containing  four  parts, 

I  which  are  to  represent  feet,  and  the  other  being  of  the  fame  length 
I  is  divided  into  400  parts,  representing  Inches  of  the  former 
iFeet,  and  each  of  thefe  reprefemative,  both  feet  and  inches  are  fub¬ 
divided  decimally.  And  again,  upon  the  two  flat  edges  of  the 
SSeftor  thus  opened  (  near  the  outer  edge  )  are  inferibed  two  peculiar 
Scales  (  upon  one  edge  )  of  equal  parts  for  Wine  and  Ale  mcafure. 

Y  Upon 


\ 
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Upon  the  other  flat  fide  are  two  Scales  more,  each  equal  to  the  other, 
both  of  a  juft  foot  in  length  $  one  is  divided  into  12  inches,  and  each* 
inch  fudivided  Decimally,  the  other  is  divided  into  10  equal  parts, and 
each  of  them  again  into  10.  Thefc  two  Scales  ferve  for  true  inch  and> 
true  foot  meafure. 

In  this  manner  arc  the  Lines  difpofed,  now  follows, 


CHAP.  IIIl 

•Xhe  general  ufe  of  the  Sett  or  ^and  the  manner  of  working  upon  it*« 

THofc  works  that  are  performed  upon  the  other  SeCtor  when  it  is 
fhur,  are  alfo  performed  by  this,  and  in  the  very  fame  manner. 

But  the  chief  ufe  of  the  Senior  is,  by  having  three  terms  given  to- 
find  a  fourth  proportional  that  the  fourth  may  be  to  the  third  as  the  fe-  ( 
cond  is  to  the  firft.  And  if  thefccondand  third  terms  fall  out  to  be 
she  fame,  then  the  proportion  is  called  continual,  becaufe  the  fecond 
term  is  twice  repeated,  and  fo  the  next  term  continued  in  the  fame  pro¬ 
portion  to  it,  that  the  fecond  was  to  the  firft.  But  if  the  fecond  and 
third  terms  be  different,  then  is  the  proportion  called  difcontinual, 
becaufe  the  proportion  that  is  between  the  firft  and  the  fecond,  though 
it  be  made  good  again  between  the  third  and  the  fourth,  yet  it  dif- 
continued  between  the  fecond  and  the  third  terms.  Now  becaufe  this 
kind  is  moft  frequenr,  and  the  former  may  be  referred  to  this,  ( if  the 
fecond  term  being  twice  repeated,  be  taken  as  two,  namely,  as  the  fe¬ 
cond  and  third  :  j  I  will  fhew  in  general 

How  by  three  termt  given  in  any  kind)  to  find  a  fourth . 

I  .  Firft,  Difpofe  the  three  terms  given  fo,  as  that  when  they  are  of 
divers  kinds,  the  firft  and  the  third  may  be  of  one  kind, and  the  fecond 
and  fourth  of  another,  though  this  difpofition  be  not  always  ncccffi- 
ry,  yet  for  the  working  upon  the  Senior  it  will  for  the  moft  part  be 
convenitar.  _  ■/* 

When  the  terms  are  fo  ordered  there  will  three  things  hence  fol¬ 
low.  The  firft  will  be  to  know  upon  what  Scale  the  Work  will  be  per¬ 
formed,  when  the  terms  are  not  all  of  one  kind,  the  other  two  will  be 
Rules  and  Directions  in  what  manner  to  work. 

Firft,  Therefore  you  rauft  refer  each  of  the  two  firft  terms  to  its 

proper 


•’  "  / 
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proper  Scale,  then  comparing  the  fecond  term  with  the  firft,  fee  which 
of  themisgteatcft :  For  upon  that  Scale  to  which  the  longed  of  the 
two  terms  belongeth,  muft  the  whole  work  be  performed.  Then  the 
two  Rules  for  the  manner  of  working  are  thefe. 

1.  If  the  fecond  term  be  lefs  than  the  firft,  you  muft  then  count  the 
firft  and  the  third  terms  (being  both  of  one  kind  )  laterally  upon  their 
proper  Scale,  and  the  fecond  term  being  taken  out  of  his  proper  Scale, 

,  and  put  over  parallelly  in  the  term  of  the  firft,  (hall  open  the  Leg  of 
the  Seflor  fo,  as  the  fourth  term  may  be  taken  parallelly  over  from  the 
term  of  the  thirdrand  being  fo  taken, it  muft  be  meafured  upon  the  Scale 
from  whence  the  fecond  term  was  taken,  and  fo  it  fliall  receive  its  juft 
value. 

2.  But  if  the  fecond  term  be  greater  than  the  firft#;  you  muft  then 
count  the  fecond  laterally,  and  in  the  term  of  it  put  over  the  firft  pa- 
rallclly,  each  being  taken  in  his  proper  Scale,  and  this  work  Ihall 
open  the  Legs  of  the  Se£for  fo,  as  that  the  third  term  being  taken  out 
of  the  fame  Scale  with  the  firft,  and  entred  parallelly,  fhall  ftay  in 
that  point  of  the  Scale  on  which  the  fecond  term  was  counted, and  will 
give  the  quantity  of  the  fourth  term  required. 

._  ■*  i 

The  manner  of  working  then  ingeneralyaccording  to  thefe  twoRaks}willbe  this  % 

In  the  firft  cafe ;  where  the  fecond  term  is  lefs  than  thefirft,  let  A  D 
be  the  firft  term,  D  G  the  fecond,  and  A  B  the  third. 

Count  AD  the  firft  term,  upon  his  proper  Scale,  then  with  your 
Compalfes  take  the  fecond  term, 
which  we  fuppofe  to  be  DG, 
and  fetting  one  foot  of  that  ex¬ 
tent  in  D,  the  end  of  the  firft, 
turn  the  other  foot  abour,  and 
open  or  fhut  the  Seftor,  till  the 
foot  being  turned  about  in  the 
Ark  £  G,  do  only  touch  fome 
one  Line  in  the  other  Leg  of  the 
Se&or,  neither  going  beyond  it, 
nor  Ihort  of  it,  as  here  it  doth 
at  dr,  fo  is  the  Sc&ot  opened  to  a 
true  Angle  for  this  Work. 
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Agai n,  upon  the  Came  Scale  A  D,  whereon  the  firft  terra  was  num- 
bred,  count  the  third  term  A  B  ;  and  laflly  from  B,  the  extremity 
thereof,  take  the  lead  d i (lance  to  the  Scale  A  G,  as  here  isexpreffed 
by  BF.  So  flu  11  B  F  be  the  length  of  the  fourth  term,  this  Line  B  F 
therefore  being  meafured  upon  the  fame  Scale  from  whence  the  fe¬ 
cond  term  DGwas  taken,  fhall  give  the  quantity  of  the  fourth  terra 
required. 

Or  if  A  B  had  been  the  fir  ft  term,  and  B  F  the  fecond,  then  the 
Sector  mud  have  been  opened  by  putting  over  BF  frcm  the  term  B 
(  fill  the  Ark  or  Motion  of  thefoocof  the  Compares,  E  F,  had  on¬ 
ly  touched  the  Line  A  F.)  And  when  the  Legs  of  the  Se&or  are  fo  ope* 
ned,  count  A  D  the  third  term  upon  the  fame  Scale  whereon  the  firft 
term  A  B  was  counted,  and  from  the  extremity  of  it,  atD,  take  the 
lead  didance  from  the  fame  Leg  A  F,  which  here  will  be  D  G,  fo 
fhali  I)G(  being  meafured  upon  the  fame  Scale  of  the  fecond  term  ) 
give  the  quantity  of  the  fourth  term  required. 

In  the  fecond  cafe,  when  the  fecond  term  is  greater  than  the  firft. 
Suppofe  D  G  be  the  firft,  and  A  D  the  fecond,  B  F  the  third,  take  the 
firft  term  DG,  out  of  his  proper  Scale,  and  count  AD  the  fecond 
in  his  proper  Scale,  then  from  D  the  extremity  of  the  fecond  term, 
open  the  Se&or,  making  D  G  (  when  it  is  turned  about  in  EG  )  only 
to  touch  any  one  Scale  in  the  other  Leg  of  the  Senior,  as  A  G,  when 
the  Setter  is  thus  opened,  take  B  F  the  third  term,  out  of  the  fame 
Scale  from  whence  the  firft  term  DG  was  taken  (  which  is  his  pro¬ 
per  Scale  )  and  keeping  one  foot  of  the  extent  always  upon  the  Line 
A  D,  remove  it  to  or  from  the  Center  A,  til!  It  ftand  in  feme  poiftr  of 
the  L  ne  A  D,  fo  as  the  other  foot  being  turned  about  in  the  Ark  E 
may  juftly  touch  the  Line  A  G,  upon  the  oth£r  Leg,  and  when  you 
have  fo  fitted  it  exattly,  obferve  the  Point  in  A  D,  in  which  the  foot 
of  cheCompafs  redeth,  which  fuppofe  to  be  the  Point  B.  So  (hall  A  B 
give  the  quantity  of  the  fourth  term  required. 

Or  if  B  F  had  been  the  firft,  A  B  the  fecond,  and  D  G  the  third* 
then  muft  the  firft  B  F,  taken  out  of  its  proper  Scale,  have  been  fet 
upon  B  the  extremity  of  the  fecond  A  Bjtfndby  it  the  Line  AFG 
mud  have  been  opened,  and  this  being  done,  the  third  term  D  G  be- 
ing  taken  from  the  fame  Scale  (  from  whence  the  firft  term  B  F  was 
taken  )  and  fitted  in  till  one  foot  of  it  (landing  upon  the  Scale  A  B,  the 
other  being  turned  about  in  the  Ark  EG,  will  only  touch  the  Line 
A  F  in  G,  fo  fliail  the  Point  D,  wherein  then  it  (tends,  give  the  quan¬ 
tity  of  A  D  the  fourth  terra  required.  .  This 
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This  may  ferve  for  a  genera!  view  of  the  manner  oi  working  upon 
thefe  fmgle  Scales,  and  how  one  of  a  kind,. may  lerve  to  perform  any 
work  in  this  Sector,  as  well  os  *tw©  have  done  formerly  in  other 

Ss#ors.  , 

As  alfo  here  may  be  feen  the  manner  of  Lateral  and  Parallel  en¬ 
trance*  and  finding  known  and  unknown  quantities:  1c  may  likewife 

be  here  known  what  is  meant  by  thefe  Phrafes*  , 

1.  Opening  the  Settortoany  Line, length,  ordinance,  namely,  to 
open  or  fliut  any  two  Scales  upon  feveral  Legs  of  the  Se&or,  till  one 
foot  of  that  length  being  fee  infome  Point  of  one  Scale,  the  ocher 
foot  when  it  is  turned  about,  may  only  touch  the  other  Scale,  fo  as  not 

to  go  beyond  it,  nor  fall  fhort  of  it. 

2.  By  taking  any  Line,  length,  or  difiance,  namely,  from  fome 
Point  in' one  of  the  two  opened  Scales,  to  take  the  leafi  from  the  ocher 

Scale.  A 

Entring  any  length  or  difiance,  namely,  to  carry  one  footer  a 
length  taken  in  your  Compafs  upon  one  Scale  (from  or  towards  the 
Center  )  till  the  other  being  turned  about,  may  juftly  couch  the  other 
Scale.  Thefe  terms  are  ufed  to  avoid  needlefs  circumlocution. 

It  may  farther  alfo  be  observed,  that  this  way  of  working  is  more 
fpeedy  than  that  upon  other  Seniors,  as  by  a  little  pra&ice  will  quickr 
ly  be  found. 

And  lafily,  the  truth  of  the  work  will  eafily  appear,  if  it  be  confi- 
dered  that  in  every  work  thus  performed,  ABF  and  A  D  G  are  two 
like  Rcftangle*  v  as  in  the  other  Sector  the  work  went  upon  two  like 
EquicruralTriangles,  in  both  therefore  the  ground  of  the  work  is 
alike  good,  both  being  grounded  upon  the  fimilitudc  of  two  plain 
Triangles.  '  f 

■  u<  ■;  *  "  '  *  *  i  »  .  ,  •  ’/ 

Now  to  this  general  dire^ion  for  working,  I  have  added  examples  in  five- 
ral  kinds,  whereby  the  Rules  before  given  may  the  better  be  under  ft  god* 

and  what  Afr.Gunter  and  others  havepubli[hed  in  their  Book^t  may  the 
more  eafily  be  applied  to  this  Jnftrttment • 


'CHAP* 
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CHAP.  IV. 

Examples  in  fever al  kinds. 

T*  Tkrte  numbers  52,  39  >44?  being  give  ny  to  find  a  fourth  proportional. 

TH!s  it  wrought  upon  the  Line  of  equal  parts,  and  becaufethefirft 
X  number  is  greater  than  the  fecond,  therefore  I  count  the  fir  ft 
number  52,  upon  the  Line  of  equal  parts,  and  from  the  fame  Line  I 
take  the  fecond  term  39,  and  fet  it  upon  52,  and  turning  the  other 
foot  about,  I  open  the  other  Leg  of  the  Se&or,  till  the  fame  foot  do 
juftly  touch  fome  one  Line  on  the  other  leg  of  the  Seftor  which  iffueth 
fromthe  Center, neither  going  beyond  it,  nor  falling  fliort  of  it,fo  are 
thofe  two  Scales  opened  fitly  to  perform  the  work,  then  I  count  the 
third  term  of  44uPon  thefaid  Line  of  L?ncs,  and  from  the  end  of  it 
to  the  fame  Scale  on  the  other  Leg,  I  take  the  lead  diftance,  this  be¬ 
ing  meafured  in  the  Scale  of  Lines,  giveth  1 8  for  the  fourth  term  •  fo 
that  as  52  is  to  59,  fo  44  to  3  3.  1 

But  if  the  given  numbers  had  flood  thus,  As  24  to  52,  foi8to 
what  ?  Here  becaufe  the  fecond  number  is  greater  than  the  firft,  I 
take  24  out  of  the  Line  of  Lines,  and  fet  one  foot  of  it  in  52,  counted 
upon  the  fameLinc,  and  I  open  or  Ihut  the  other  Leg  of  the  Seftor, 
till  the  other  Foot  being  turned  about,  will  only  touch  fome  one  Line 
on  the  other  Leg  of  the  Seftor  which  iffueth  from  the  Center  .•  When 
the  Seftor  is  thus  opened,  I  take  the  third  number  ig,  out  of  the 
Line  of  Lines,  and  keeping  one  foot  always  upon  fte  Line  of  Lines, 
I  remove  it  fo  long  till  the  other  foot  being  turned  about,  will  only 
touch  the  former  Line  on  the  other  Leg :  Then  /hall  I  find  it  to  flay 
upon  the  Line  of  Lines,  at  the  number  39,  which  is  the  fourth  pro- 
porrional.  r 

In  the  fame  manner  all  proportions  in  numbers  may  be  wrought  by 
the  Lines  of  Solids  and  Superficies.  But  if  you  had  three  Lines  given, 
and  were  to  find  a  fourth  proportional  Line,  you  muft  then  work  upon 
the  Line  of  Lines  only.. 
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*  v 

2.  Three  Sines  being  givenyto  find  a  fourth  proportional  Sine . 

1  '•  ;v  ‘  _ 

T  His  it  to  be  wrought  upon  the  Line  of  Sinet  only.  Let  the  Sines 
ojven  be  90,  30,  and  J j  i  ;  here  becaufe  the  firft  term  is  greater  ; 
therefore  I  mult  work  by  the  firft  Rule;  and  fo  the  fourth  term  being 
!  taken  and  meafured  upon  the  Line  of  Sinet,  will  be  the  Sine  of  1 1  jgr. 
required. 

But  if  the  Sines  were  of  36, 71,  j  8  gr..  then  work  by  the  fecond 
Rule,  becaufe  the  fecond  term  is  greater  than  the  firft,  fo  ftiall  your 
Compafles  ftand  at  thelaftof  your  work,  at  the  Sine  of  30 gr.  Or 
becaufe  all  the  four  terms  are  of  one  kind,  you  may  change  the  places 
of  the  fecond  and  third,  thus:  3  6, 18, 7  J,  andfo  working  according. 
Jy -by  thefirft  Rule  (  becaufe  the  firft  term  is  greater  than  the  fecond  ) 
you  ftiall  find  the  fourth  proportional  Sine  to  be  30  gr.  as  before. 

In  this  manner  yon  mu  ft  work.  when  all  the  four  terms  are  of  one  kind ,  and 
fo  wrought  upon  one  Seale  alone.  But  if  the  terms  be  of  fever al  forts, 
then  mu  ft  two  of  the  four  terms  be  taken  from  one  S  cale ,  and  two  from 
another.  As  in  the  examples  following  will  appear. 

5.  As  the  Sine  of  6ogr.  is  to  the  number  3J,  fo  the  Sine  of  48  to  what 
number  f  . 

IN  folutions  of  this  kind  (becaufe  the  firft  and  fecond,  andalfo  the* 

’third  and  fourth,  are  counted  upon  fevcral  Scales,  as  here  the  firft; 

!  an(j  third  are  taken  upon  the  Scale  of  Sines,  and  the  fecond  andfourth 

are  taken  upon  the  Scale  of  equal  parts :)  You  rauft  firft  trie  which  is 

greatcft  of  the  firft  or  fecond  terms.  As  here  take  the  fecond  term 

out  of  the  Scale  of  equal  parts,  andmeafureit  upon  the  firft  term 

of  the  Sine  of  60.  Now  becaufe  the  Sine  of  60  is  greater,  therefore 

the  lateral  work  mu  ft  be  done  upon  the  Scale  of  Sines,  and  the  fe* 

cond  and  fourth  terms  muft  be  taken  in  your  Compafles  from  the  Scale 

of  equal  parts,  which  is  their  proper  Seale;  wherefore  in  this  exr 

ample  take  3  $  out  of  the  Scale  of  equal  parts,  and  with  one  foot  of 

that  length  fet  in  the  Sine  oi  do,  open  the  other  Leg  till  that  extent 

will  juft  touch  feme  one  Line  on  the  other  Leg  of  the  Se&or  which 

iffaethfrom  the  Center,  the  Sedor  being  fo  opened,  takefromthe 

Sine  of  48  the  Uaftdiftance,  to  the  former  Line  on  the  other  Leg* , 

!  +  4  <  this  k 
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this  diftaticcmeatured  upon  the  Scale  of  equal  parts,  iTiall  give  30  the 
number  required :  Therefore  as  60 gr.  to  3  5,  fo  48^.  to  $0.' 

But  if  it  had  been  as  the  Sine  60  is  to  the  number  90 ;  io  the  Sine  of 
48  to  what?  Here  if  you  meafure  the  number  90  with  the  Sine  of  60, 
you  £hall  find  the  number  90  to  be  the  longeft  extent.  So  that  now  the 
lateral  workmuft  be  upon  the  Line  of  Lines  3  I  take  therefore  the  Sine 
of  60  out  of  the  Sines,  and  fetting  one  foot  of  that  extent  upon  the 
the  number  90  in  the  equal  parts,  with  the  other  foot  turned  about, 
I  open  the  other  Leg,  till  I  fee  the  fame  foot  only  to  touch  fome  one- 
Lineon  the  other  Leg  of  the  Settor,  which  iffuech  from  the  Center. 

- 

Note  that  what  Line  fever  I  begin  to  worl ^  with,  /  tnufi  he  fare  always  to 
continue  and  end  with  the  fame ,  but  that  Line  on  the  other  Leg. ,  which 

lieth  next  the  inner  edge  of  the  Settor  ^  U  always  mofi  convenient . 

% 

■  •  ' :  O'  ^  ■  r;j-  *  - 

Then  again  I  take  theSineof48,and  keeping  one  foot  of  that  extent 
continually  upon  the  Line  of  Lines,  I  remove  the  fame  till  I  find  the 
other  footjuftly  to  touch  the  former  Line  on  the  ocher  Legend  then 
I  fee  the  other  foot  to  ftay  upon  the  Line  of  Lines  on  the  number  77  j , 
which  is  the  number  fought. 

4,  As  the  Sine  of  60, # to  the  Tangent  0/  y  5  gr%  So  the  Sine  of  yo  to  the 
Tangent  of  what  Ar\? 

Flrft,  to  know  upon  what  Line  to  work,  I  take  the  Tangent  of 
5  y^r.  and  fet  it  to  the  Sine  of  60  gr.  and  becaufe  I  fee  the  Sine  of 
60  to  be  the  greater,  I  know  that  the  work  mu  ft  be  done  upon  the  Line 
of  Sines.  And  by  the  firft  Rule  accordingly  therefore  I  take  the  Tan¬ 
gent  of  55 <Lr*  a°d  from  the  Sine  of  60  I  open  the  Senior  to  fome  one 
Line  on  the  other  Leg  of  the  Setter,  which  iffuech  from  the  Center 
according  t©  that  extent ;  then  I  take  the  leaft  diftance  from  the  Sine 
of  50  to  the  former  Line  on  the  other  Leg,  and  meafuring  it  upon  the 
Tangent,  I  find  it  to  reach  to  the  Tangent  of  51  which  is  the  Tan- 
gent  required. 

But  if  the  terms  were  as  the  Sine  of  40  is  to  the  Tangent  of  s^gr: 
fo  is  the  Sine  of  50  to  what  ?  Then  meafuring  the  Tangent  of  55  gr. 
upon  the  Line  of  Sines,  and  finding  the  firft  term  40  to  be  Idler,  I 
fee  that  the  work  muft  be  done  upon  the  Line  of  Tangents  s  Where¬ 
fore  I  take  the  firft  term  the  Sine  of  40,  and  fetting  one  foot  of  chat 

-  "  extent 
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extent  upon  the  Tangent  of  5  f .  by  turning  the  other  foot  of  the  Com¬ 
pares,  I  open  the  other  Leg  of  thcSc&or,  till  the  ocher  foot  do  juft- 
ly  touch  feme  one  Line  on  the  other  Leg  of  the  Senior,  which  iflueth 
I  from  the  Center $  then  I  take  the  fecond  term,  the  Sine  of  50  gn  and 
fettingone  foot  of  that  extent  upon  the  Scale  of  Tangents,  untill  the 
other  foot  being  turned  about,  will  juftly  touch  the  former  Line  on  , 
the  other  Leg:  I  find  the  Compaffes  to  ft  ay  upon  the  Tangent  of 
59  which  k  the  Tangent  required. 

The  like  may  be  done  upon  the  Sines  and  Secants,  or  Tangents  or 
Secants,  when  any  fuchqueftion  fhall  be  required.  And  the  like  may 
be  done  in  Tangents  and  Numbers,  or  equal  parts,  bythejoync  ufc 
of  thefe  two  Scales,  which  is  frequent  in  Menfurations  of  upright 
buildings, 

5.  Having  three  numbers  t  to  find  a  fourth  in  duplicated  proportion. 

THis  work  is  performed  by  the  two  Scales  of  Superficies  and  Lines 
joyntly  ufed.  Let  the  example  be  as  2  2  to  24 1  fo  64  to  what  num¬ 
ber  in  a  duplicated  proportion  ?  Here  thetwofirft  terms  are  of  one 
kind,  and  the  two  latter  will  therefore  be  of  one  kind.  Wherefore 
1  to  know  upon  what  Scale  to  work,  it  will  be  beft  to  change  the  places 
of  thefecond  and  third  terras,  that  fo  the  firftand  third  may  be  of  one 
kind,  as  alfo  the  fecond  and  fourth.  Thus  as  3  2  to  64,  fo  24  to  what  ? 
Now  in  this  difpofuion  of  terms  you  muft  firft  meafurc  3  2  ( taken  out 
of  the  equal  parts)  upon  the  Line  of  Superficies,  and  fo  doing  you 
j  /hall  find  it  fall  far  fhort  of  the  number  64,  the  fecond  term ;  there- 
!  fore  it  is  evident  the  work  muft  be  done  upon  the  Line  of  Superficies, 
To  that  1  take  32  from  the  Line  of  equal  parts,  and  putting  one  foot 
I  of  that  extent  upon  64  in  the  Line  of  Superficies ;  I  thereby  open  the 
Seftor  to  fome  one  Line  on  the  other  leg  of  the  Se& or,  which  iffucth 
from  the  Center.  Then  again,  I  take  the  third  number  24  out  of  the 
Line  of  Lines,  and  enter  it  Paralielly  between  the  Superficies  and  the 
I  former  Line  on  the  other  Leg  ( in  the  manner  that  hath  been  /hewed 
j  before  )  and  I  find  it  to  ftay  at  36  in  the  Line  of  Superficies :  So  that 
I  conclude,  as  32  to  64,  fo  64(0  36  in  duplicated  proportion.  That 
I  is,  fo  is  the  fquare  of  64  (  namely  8)  to  the  fquare  root  of  36  (  namely 
j  f)  in  a  fimplc  proportion. 

Z  6,  Ha- 
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6.  Having  two  numbers^  to  find  a  me  An  proportional* 

THis  is  performed  by  the  joynt  ufe  of  Superficies  and  Lines  .•  Let 
the  Numbers  given  be  20  and  45.  Firit,  I count  the  firft  number 
20  upon  the  Line  of  Superficies,  then  I  take  the  fame  number  20  out 
of  the  Line  of  Lines,  with  this  length  I  open  the  Se&or  from  the 
Point  20  in  the  Line  of  Superficies,to  fome  one  Line  on  the  other  Leg) 
which  iflueth  from  the  Center ;  afterwards  I  count  45  the  other  gi¬ 
ven  number  upon  the  fame  Line  of  Superficies  5  and  from  thence 
take  over  the  leaf!  diftance  to  the  former  Line  on  the  other  Leg,  this 
meafured  upon  the  Line  of  Lines,  gives  jofor  a  mean  proportional 
beyyeen  20  and  45. 

7.  Having  three  Numbers  givens  whereof  the  two  firft  are  fuppofed  to  be 
in  a  duplicated  proportion ,  how  to  find  a  fourth)  unto  which  the  third 
(haft  be  in  the  fimple  proportion  of  the  former ;  that  k%  As  the  [quart 
root  of  the  fir  ft  to  the  [quart  root  of  the  feconi * 

'j  *.  V  i  &  «  'W  «  l  A  ..*■  \} 

THis  is  likewife  to  be  performed  by  the  joynt  help  of  the  Lines  of 
Superficies  and  equal  parts.  Let  the  Numbers  be,  as  25  to  16,  fo 
40  to  what?  The  two  firfi  terms  are  to  be  counted  upon  the  Line  of 
Superficies, becaufe  between  them  the  duplicated  proportion  is  contai¬ 
ned  ;  and  the  other  two  muft  be  taken  upon  the  Line  of  Lines,  becaufe 
between  them  is  the  fimple  proportion  contained.  And  to  know  upon 
what  Line  to  work,  I  order  the  terms  fo,  as  the  firifc  and  third  may  be 
of  one  kind,  thus,  as  25  to 40,  fo  16  to  what?  Nowbecaufc  2 5  upon 
the  Line  of  Superficies^  if  two  upon  that  Line  be  taken  for  20  as  we 
do  here  take  it)  is  greater  than  40  upon  the  Line  of  Lines,  therefore 
the  lateral  work  nrnft  be  done  upon  the  Line  of  Superficies.  So  that 
I  take^o  out  of  the  Line  of  Lines,  and  put  over  that  length  from  2j 
in  the  Line  of  Superficies  unto  the  Line  of  Lines  upon  the  other  Leg 
of  the  Se&or.  And  the  Senior  being  fo  opened,  I  count  tht  third 
Number  16  upon  the  Line  of  Superficies,  and  take  over  from  thence 
to  the  fame  Line  of  Lines.  This  length  I  mealure  upon  the  Line  of 
Lines  (from  whence  the  fecond  Term  was  taken  )  and  it  reachcth  to  3  2* 
So  that  as  25  to  16,  fuppofed  to  be  in  a  duplicated  proporcionotie  to 
the  other,  fo  is  40  to  32  in  the  fimple  proportion,  whereof  that  other 
as  duplicated. 

8.  Having 
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THis  work  is  to  be  done  upon  the  two  Scales  of  equal  parts  and  So¬ 
lids  joyntly  taken  together.  Let  an  example  bef  As  55  to  88,  fo 
1  27  to  what  in  a  triplicated  proportion?  Here  the  firfl  two  terms  are 
of  one  kind,  and  fo  the  two  latter  arealfo.  Therefore  (as  before) 
change  the  places  of  the  fecond  and  third  thus  5  As  5  7  is  to  1 25,  fo  is 
88  to  what  ?  The  terras  then  being  thus  difpofed,  you  muft  mcafurc  5  7 
(taken  out  of  the  Line  of  eq  ual  parts )  upon  125  counted  in  the  Line 
of  Solids,  andyoufhall  find  it  of  greater  length  than  123:,  whereby 
it  is  evident,  that  the  work  muft  be  done  upon  the  Line  of  equal  parts. 
Accordingly  therefore,  take  125  out  of  the  Line  of  Solids,  and  let¬ 
ting  ore  foot  of  that  extent  upon  the  Number  $  7  counted  in  the  Line 
of  Lines,  with  the  other  turned  about  you  mult  open  the  Line  of 
Sines  upon  the  other  Leg  of  the  Se& or, as  the  manner  is.  Which  done, 
fet  one  foot  of  your  Compafs  upon  88  in  the  Line  of  Lines,  and  from 
thence  take  the  leaft  di  fiance  from  the  Line  of  Sines:  Thisdiftance 
being  meafured  upon  the  Line  of  Solids,  fheweth  51*,  fo  that,  as  77 
to-  88  fo  is  125  to  71 2  in  a^riplicated  proportion.  That  is,  As  5  7  is  to 
88,  fo  is  the  Cubic  root  of  127^  namely  5  J  to  the  Cubic  root  of  71* 
/  namely  S)  in  a  Ample  proportion. 

9.  How  to  find  two  mean  proportionals  between  two  Numbers  given. 

THis  is  done  upon  the  Line  of  Solids  and  equal  parts  joyned  in 
ufe  together  5  let  the  two  extremes  or  given  Numbers  be  7 12, and 
21 6,  between  which  there  are  required  two  mean  proportionals.  Firft 
from  the  Line  of  Lines  I  take  512,  and  with  that  extent  I  open  the 
Point  $12  (accounted  in  the  Line  of  Solids  )  I  take  over  the  leall  di¬ 
stance  of  the  Line  of  Sines,  and  meafuring  the  fame  upon  the  Scale  of 
equal  parts,  I  find  it  to  make  384,  This  laft  length  384 1  take  again, 
and  put  it  over  from  712  in  the  Line  of  Solids  to  the  Line  of  Sines.  And 
then  I  take  in  length  from  216  again  (  counted  in  the  L'ne  of  Solids  ) 
unto  that  fame  Line  of  Sines ;  and  meafuring  this  length  upon  the  Line 
of  equal  parts, I  flud  it  to  reach  288, which  is  the  fecond  mean  propor¬ 
tional,  fo  that  I  conclude,  as  51*  is  to  384,  fo  3  84  to  288,  and  fo  288 
;  OO  216. 
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I  o.  Having  three  Numbers  givenr  whereof  the  two  fcft  are  fuppofed  to  be 
in  a  triplicate  proportion ,  how  to  find  a  fourty  unto  which  the  third 
(hall  be  in  a  fimple  proportion >  that is,  as  the  Cubic  root  of  the  fir  ft 
to  the  Cubic  root  of  the  fecond , 

~  r 
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THis  is  to  be  performed  by  joyntufe  of  Solids  and  equal  parts. 

Suppofe  the  three  Numbers  given  to  bey©4>  297,98:  and  let it 
required  to  find  a  fourth  Number,  unto  which  98  (hall  bear  that  fim¬ 
ple  proportion  whereof  704  to  297  is  the  triplicated  or  Cubical  pro¬ 
portion.  Firft,  that  I  may  know  upon  what  Line  the  lateral  work  is  to 
be  performed,  I  alter  the  order  of  the  fecond  and  third  terms,  thus, 
704,  98,  297  :  and  in  thisorderlcompare  the  firft  and  fecond  terms 
together;  chat  is,  I  take  704  out  of  the  Line  of  Solids  which  (  in 
this  work )  is  the  proper  Scale  of  it,  and  meafure  it  upon  the  Line 
©f  Lines,  which  is  the  proper  Scale  of  the  fecond  Number  98;  and. 
thereby  I  find  that  9S  is. the  longer,  whereby  it  appears  (  by  the  for¬ 
mer  directions)  that  the  Lateral  work  is  to  be  done  upon  the  Line  of 
Lines.  Wherefore  accordingly  I  take  704  out  of  the  Line  of  Solids 
and  fet  one  foot  of  that  extent  upon  98,  counted  (  as  the  fecond 
term  )  upon  the  Line  of  Lines,  and  from  it  I  open  the  Line  of  Sines 
upon  the  other  Leg  of  the  Se&or.  And  when  the  Se&or  is  thus  opened, 
I  take  the  third  term  (  297  )  out  of  the  Line  of  Solids  again,  and  put 
the  fame  over  till  it  fit  from  the  Line  of  Lines  to  the  Line  of  Sines ;  fo 
atiaft  I  find  one  foot  to  flay  upon  the  foot  73  \  in  the  Line  of  Lines. 
Whence  I  conclude,  that  as  704  is  to  297,  fuppofed  to  be  in  a  tri¬ 
plicated  proportion  one  to  the  other;  So  is  981073  i,  which  two 
Numbers  do  comprehend  the  fundamental  and  fimple  preporrion, 
whereof  that  other  is  the  triplicated. 

CHAP.  V. 

T  .  .  — f 

t)f  the  Scale  of  chords. 

T  Hough  the  Scale  of  Sineswil!  perform  all  theufesof  the  Lines  of 
Chords,  if  every  Sine  be  counted  by  the  double  number  (  as 
Mr.  Cjnnter  hath  ftewed  )  yet  becaufe  raiflakes  arc  cafily  made  by  that 

numeration; 
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numeration;  therefore  it  will  be  more  convenient  to  Ufe  the  Chords 
thcmfelvcs.  The  ufes  are  chiefly, 

1  *"*  '  ■  1 

1.  To  find  any  C  hord,  or  to  fe«  off  any  Ark  or  Angle,  uponaCir- 
cle,  whofe  Radius  is  given. 

2.  Having  a  Radius  and  any  Chord  or  Ark  afligned,  tofindchcArk 
which  the  affgned  Chord  fubtendetb. 

3.  By  having  any  Chord  afligned,  to  find  the  Radius  according  to 
which  the  afligned  Chord  is  to  be  eftimated . 

1,  The  Line  of  Chords  is  numlredfip  to  9°,  and  mil  therefore  fete  for 
me aj tire  any  Arkjvlthin  9©  gr*  But  if  the  Ark.  k  mere,  it  muft  do 
it  at  twice  or  more  times . 

*■  [  • 

LEt  the  Radius  A  D  be  given,  and  let  the  Circle  D  A  B  E  be  de— 
feribed  with  it ; ,  and  let  it  be  required  to  fet  off  79  gr.  from  the 
Point  A.Firft  therefore  the  Seftor  muft  be  opened  to  the  Radius  D  A, 
fetting  one  foot  of  that  extent  upon  6©  in  the  Line  of  Chords,  and 
opening  the  other  Leg  till  the  Compares  being  turned  about,  do  only 
touch  fome  one  Line  ©n  the- 
other  Leg  of  the  Se&or,  which * 
iffucth  from  the  Center :  Then 
from  upon  the  Line  of 
Chords,  take  the  leaft  diftanceto 
the  former  Line  on  the  other 
Leg,  the  fame  being  fet  upon  the. 

Circle  from  A  towards  B  ;  AB; 
will  be  an  Ark  of  79  gr .  and 
A  D  B  an  Angle  of  79^. 

Suppofe  again  that  upon  the 
fame  Circle  I  ftiquld  fet  off  139  . 
gr.  becaufe  this  exceeds  90  j  therefore  I  divide  it  into  two  Icffer  Ar¬ 
ches  ;  namely  79  and  60:  Firft  therefore  I  fet  off  from  A  to  1*79^ 
and  then  from  B  to  E  6ogr,  more ;  which  together  do  make  up  1 3  ?£?•' 
and  fo  thofc  Arks  that  are  greater,  may  be  fet  off  at  three  or  four 
times,, 


Having 
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2.  Having  the  Radius  D  A,  and  the  Chard  A  B  ajfignedj  I  Would  fyw 
to  what  number  of  degrees  that  Chord  anfwentk. 

I  Therefore  open  the  Line  of  Chords,  as  before,  to  the  Radius  A  D, 
and  then  enter  the  Chord  B  A  between  the  Scale  of  Chords  and  feme 
one  Line  on  the  other  Leg  of  the  Se&or,  which  iftueth  from  the  Cen¬ 
ter  ;  and  I  find  it  to  ftay  upon  79  degrees  :  So  that  A  B  is  a  Chord  of 
79  degrees,  being  referred  to  the  Radius  D  A.  But  if  I  had  the  large 
Chord  A  E  to  the  fame  Radius  D  A,  and  would  know  to  what  Ark  it 
belongeth ;  I  muft  firft  deferibe  the  Circle  with  the  Radius  D  A,  and  - 
then  inferibe  the  Chord  AE  into  tht  Circle ;  afterwards  I  divide  the 
Ark  A  E  into  any  two  parts,  as  at  B,  then  take  the  Chord  AB,  and  en¬ 
ter  it  upon  the  Scale  of  Chords  { the  Senior  being  fee  to  the  Radius 
AD)  and  find  it  to  fubtend  79  gr.  Again,  I  take  B  Eand  dothefanae 
thing  with  that  Chord,  and  find  it  to  anfwer  to  60  gr.  Then  laftly  I 
add  79  to  <5o,  thefum  is  159  ;  which  gives  the  whole  Ark  A  E  anfwe- 
ring  to  the  Chord  A  E,fo  if  A  E  had  relation  to  the  greater  Ark  A  H  E, 
then  you  muft  work  as  here  you  did  by  the  Ark  ABE,  and  when  that 
is  found  to  be  139  take  it  out  of  a  whole  Circle,  or  360,  fefhall  you 
find  the  greater  Ark  A  H  E  to  be  221  gr* 

,  ,  V  c'  *  ImR 

3*  Let  A  B  he  the  Chord  of  79  gv.  given,  and  the  Radius  to  which  it  is 
efiimated  to  he  fuck  a  Chord  required . 

BEcaufc  the  number  of  degrees  is  lefs  than  90,  therefore  the  work 
will  be  cafie.  For  if  A  B  be  put  over  in  79  in  the  Line  of  Chords, 
then  {ball  60  in  the  fame  Line  (  rightly  taken  over  )  give  the  Radius 
AD  required. 

But  if  the  Chord  A  Ewere  given,  and  counted  asfubtending  the 
*39  gr.  then  it  will  not  be  fo  eafie,  for  if  the  Line  of  Chords  be  ufed, 
there  will  be  need  of  protra£lion#  The  better  way  therefore  will  be 
to  do  it  upon  the  Line  of  Sines,  thus.  Take  half  the  Chord  A  E>namc* 
ly ,  A  F,  and  count  that  as  the  Sine  of  half  1 39  gn  that  rs,  69  %  gr.  fo 
putting  over  this  length  A  F  in  the  Sine  of  69  \gr.  you  may  from  90 
takeoff  the  Radius  required. 

Note  that  if  it  be  required  to  open  any  two  Lines  of  the  Senior  to 
any  number  of  gr .  lefs  than  90,  or  if  when  the  Lines  be  opened?  it  be. 
repaired  to  know  at  what  Angle  they  (land*  Then  it  will  be  the  beft 

-v  .  '  way 
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wav  to  ufethe  Scale  of  Sines  in  this  manner.  Becaufe  every  Line  hat* 
aPointat  the  very  extremity  of  it,  therefore  if  you  take  any  Smeout 
of  the  Scale  of  Sines,  without  the  forementioned  doubling  of  the 
Numbers  t  and  from  the  extremity  of  one  Line,  do  enter  that  Sine 
according  to  the  lead  diftance  from  the  other  Line,  then  fliallthofe 

two  Linesftand  at  the  Angle  required. 

Or  if  from  the  extremity  of  one  Line,  you  take  the  leaft  diftance 
of  the  other,  the  famemeafured  upon  the  Line  of  Sines,  ihews  the 
Angl^  at  which,  thefc  two  Lines  ftand.  Or  for  moft  of  the  Lines,  if  it 
be  needful,  you  may  ufe  the  way  that  Mr.  Gmttr  fhews,  Lib.  2.  c.  2. 

Prep. 7.  Art. 2. 


CHAP.  VI. 
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Of  the  Tangents  and  Secants  '. 

BEfides  other  ufes  of  thefe  two  Scales,  they  fern  for  Projeftions, 
and  for  Dialling  to  any  bignefs  greater  or  fmaller,  (of  which  fee 
Mr.  Gunters  Book,  concerning  Protons  of  the  Sphere,  and  of  Dial¬ 
ling  by  the  Seftor,and  other  ways  by  s  doubleTangent  of+y.)  Hereun¬ 
to  theie  two  Propofitions  tend. 

1.  Having  any  Lint  given,  m  a  kpom  Tangent,  or  Secant :  Ttfind  tbs 
Radiw  belonging  to  it. 

SUopofe  I  would  know  to  what  Radius  any  given  Line  fliould  repre- 
frnt  a  Tanse  fit  of  40  ir.  I  take  the  Line  given,  and  fet  one  foot  of 
n!o  inSleof  Tangents:  And  from  i.  I  open  the  Setter  to 
fomeone  Line  on  the  other  Leg  which  ifl'ueth  from  the  Center,  ac- 
cordins  to  the  leaft  diftance,  Then  from  the  Tangent  of  4J  (  which 

is  equafto  the  Radius;  I  take  the  leaft  diftance  to  the  former  L.neon 
the  other  Leg,  and  that  lengthis  the  Radius  required. 

“  Thefame  work  isto  be  done  by  the  Secants,  where  the  Radius  is  on-  - 
derftood  to  be  at  the  beginning  of  the  Scale. 

•  .  v 
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2.  Having  the  Radio*,  to  pud  any  Tangent  or  Secant  belonging  thereto*  ; 

THIs  is  cade  and  like  the  former,  if  firft  the  Se&or  be  opened  to 
the  Radius,  &c, 

CO ROLL  ART* 

By  thefe  two  Proportions  a  way  may  be  founds  how  by  having  a  Tangent ,  to 
find  any  Secant, or  Sine  belonging  to  the  fame  Radio* * 

FOr  firft,  you  mud  find  the  Radius,  and  then  the  Secant, tor  Side  af¬ 
terwards.  So  alfo  by  having  the  Secant,  may  be  found  the- Sine -or 
Tangent,  or  having  a  Sine,  a  Tangent  or  Secant  may  be  found* 

And  fo  to  a  Radius  of  any  length,  you  may  proportion  any  Sine, 
Tangent,  or  Secant,  And  note,  that  for  pricking  down  the  hour  Points 
in  Dials,  the  Tangents  of  i  y,  30,4  5,  and  do,  will  be  of  frequentufe. 
And  if  the  Tangent  or  Secant  Scales  be  not  far  enough  extended, 
Mr,  Gonter  hath  given  rules  how  to  enlarge  them. 


CHAP.  VII. 

How  to  [u$ly  the  Meridian  Line  or  Line  of  Rrnbs ,  by  the  Scale 

of  Secants* 

1 .  Aow  to  make  a  Sea -  Chart ,  after  Mercators  Proje^ion* 

\  4  '  fb  1  * .  »  K  1 

THis  Propofijion  is  the  chief,  that  the  Meridian  Line  upon  the 
Se&ordoth,  concerning  Navigation,  and  therefore  Mr.  (fonter 
makes  it  his  firft  Proportion.  And  this  is  performed  by  the  Line  of  Se¬ 
cants.  For  if  it  were  required  to  proje&  fuch  a  Chart  as  is  in  his  Book. 
Having  drawn  his  Line  A  B,and  eroded  it  with  the  Parallels  50  and  f  o, 
at  right  Angles, you  muft  then  take  the  Secant  of  5 1  grStom  the  Sc&or 
opened  to  the  length  you  defire,  according  to  the  lead  diftance,  ( the 
manner  whereof  bath  been  (hewed  enough  already, )  and  fet  from  $ o 
to  ji,  on  both  Tides  of  the  Chart,  and  draw  51  ^nd  51  :  Again, take 
the  Secant  of  5  2,  from  the  Se&or,  and  fet  it  upbn  the  Chart  from  5 1 
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to  and  To  draw  the  Parallel  $2,  52.  And  thus  you  may  draw  all 
cfaereflof  the  Parallels.  Then  for  the  divifions  or  Meridians  of  the 
Line  B  C,  they  are  all  equal  to  the  Radius,  if  therefore  you  take  the 
Radius, and  turn  it  above  and  below,  you  lhali  make  the  fpaces  or  di- 
flaaces  of  the  Meridians,  fuch  as  in  the  bottom  of  his  Ctet  are  figured 
with  1, 2,  3, 4»  5 »  6.  t 

Thefe  degrees  thus  fet  on,  maybe  fubdivided  into  equal  pares, 
which  in  the  graduations  above  and  below  ought  fo  to  be,  but  in  the 
graduation  upon  the  Tides  of  the  Chart, they  ought  as  they  grow  higher, 
Rill  to  grow  greater.  Yet  the  difference  is  fo  fmall,  that  it  cannot 
produce  any  fenfiWe  errour  though  the  divifions  be  all  equal.  Divide 
them  therefore  equally  into  60  minutes,  or  Englifh  miles,  or  into  20 
Leagues,  or  into  100  parts  of  degrees,  as  fliall  beft  be  liked  of. 

If  a  little  more  curiofity  fliould  be  flood  upon  for  the  graduations 
of' the  Meridian,  then  inftead  of  the  Secants,  51,  52,  53.  you 
may  take  50  i,  %  1  i,  52  i,  always  half  a  gr,  lefs  than  the  latitude  that 
is  to  be  put  in.  ..  -r 

2.  The  ftfes  of  the  Sea-Chart ,  and  fame  other  Proportions  that  concern 
Navigationy  are  fet  down  by  Mr.  Gunter  lib.  2.  cap.  6,  of  his 
$eftort  which  may  be  herealfo  done . 

THe  manner  of  working  upon  the  Chart  (  which  is  the  beft  way  ) 
his  directions  will  lhew,  and  how  to  work  them  upon  this  SeClor, 
the  former  direft ions  in  this  Treacife  will  be  fufficienr.  So  by  this 
means  the  ufe  of  the  Meridian  Line  is  fully  fupplied,  becaufe  each  De¬ 
gree  may  be  very  large,  which  in  the  other  Se&or  could  not  be  fo 
without  each  part  many  times  repeated,  which  thing  will  produce  as 
much  erroar  as  this  way  by  the  Secants  can  do. 


CHAP.  VIII. 

The  ufes  of  the  line  of  Ferfed  Sines  J 

THe  Ufe  of  it  is  generally  as  much  as  the  fourth  Axiom  of  Spheri¬ 
cal  Trigonometric.  Whcrefor*,I  wilifirft  (hew  how  the  two  cafes  of 
^hac  Axiom  may  be  performed  by  this  Line.  And  afterwards  how  fom* 
particular  Problems  of  more  frequent  ufe  may  be  performed.. 

A  a  1  .Having 
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I.  Having  two  flies  of  a  Spherical  Triangle,  and  the  ^4ngU  empre • 
bended,  t@  find  the  Baft* 


FIrft,  find  die  fum  and  difference  of  the  twofides  or  Legs,  then 
count  chat  fum  and  difference  upon  the  verfed  Seale, and  with  your 
Compares,  take  their  diflance,  with  this  diflance  from  the  end  of  the 
verfed  Line,  open  the  Se&or  tofomcone  Line  on  the  other  Leg, which 
ifTueth  from  the  Center  afterwards  upon  the  verfed  Line,  count  the 
Angle  given,  and  fetting  one  foot  in  that  number,  take  the  leaft  diflance 
from  it  to  the  former  Line  on  the  other  Leg,  this  length  being  added 
to  the  difference  of  the  Legs  upon  the  verfed  Scale,  gives  the  Bafe 


required* 

So  if  the  Legs  were  38 gr.  30  wJ.andpj  gr.  their  lum  would  be  133 
gr.  30  m.  their  difference  would  be  ^6gr.  30  m.  And  now  thediftarifce 
of  thefe  being  taken,  and  the  Seftor  opened  as  is  preferred,  fuppofe 
atvft  the  Vertical  Angle  were  75 gr.  frem75,  therefore  take  the  leaft  di- 
J  ftance,  to  the  former  Line  on  the  other  Leg,  and  fet  that  difttnee  on 
the  verfed  Scale  from  the  former  difference  j  6  gr.  30  m.  numbred 
thereon,  it  will  fall  upon  84^.  42  m.  which  is  the  quantity  of  the  Bafe 


of  the  Triangle. 


(•  V  ' 


An  Example* 

Tm  places  differing  both  in  Longitude  and  Latitude ,  to  find  their  Diftanci^ 


LEc  the  two  places  be  London  and  Hierufakm ,  the  Latitude  of  Lon* 
dm  is  £i  gr.  30  m.  the  Latitude  of  Hierufalem  is%Zgr.  the  diffe¬ 
rence  of  Longitude  47  gr .  their  diflance  is  required, 


The  fum  of  the  Complement  of  the  two  Latitudes  is  ^Sgr.^om* 
Thesr  difference  .  /-  *9  3°* 


cm 

Take  the  diflance  between  96 gr.  30  **^and  19  gr,  $0  m.  with  this 

um  " 


extent  of  the  CompaflVs,  open  the  Setter  from  the  end  of  the  verfed 
Scale ;  the  Settor  thus  refling,  take  the  neareft  diflance  from 
the  difference  of  Longitude  47  gr.  this  diflance  being  applied  to 
19 gr,  30  m%  Qn  the  verfed  Scale,  will  reach  to  39 gr*  the  difhnce 

required* 
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.  ••  ■  '  • 

2r  Having  the  three  fide s  of  any  Spherical  Triangle  to  find  the  Vertical 
Angle .  .  :  v 

THat  Angle  that  is  required, is  called  the  Vertical  Angle )  The  fide 
oppofed  to  ic.is  called  the  Bafe$  and  the  other  two  (ides  are  called 
the  Legs. 

i.  Find  the  fum  and  difference  of  the  two  Legs,  then  count  both  the 
fum  and  difference  upon  the  Scale  of  verfed  Sines, and  with  this  difiance 
taken  in  your  Compares,  from  the  furrheftend  of  the  ver fed  Scales 
open  the  Sefior  to  fome  Line  on  the  other  Leg,  which  iffueth  from  the 
Center,  as  the  manner  hath  been.  Afterward  take  the  diftance  from 
the  forenamed  difference  of  the  Legs  to  the  Bafe,  counted  upon  the 
fame  Scale,  this  difiance  is  to  be  applied  t6  the  two  Scales  before  open¬ 
ed,  and  now  appointed  for  the  work,  foas  that  the  Compafs  foot  be 
removed  upon  the  veFfed  Line,  till  the  other  being  turned  about  may 
juft  touch  the  former  Line  on  the  other  Leg,  and  where  the  foot  of  the 
Compafs  (  with  this  condition  }  fhali  ftay  upon  the  verfed  Line,  there 
fliall  you  fee  the  quantity  of  the  Vertical  Angle  required.  Or  if  after 
the  Se&or  be  opened,  you  take  the  diftance,  not  from  the  difference, 
but  from  the  fum  of  the  Legs  to  the  Bafe,  that  diftance  will  find  the 
Supplement  of  the  Vertical  Angle,  which  in  fome  cafes  is  moft  re¬ 
quired. 

So  if  the  two  Legs  were  38  \ gr.  and  95  m. the  Bafe  84  gr.  42  «,  the 
Vertical  Angle  will  be  found  to  be7$  gr .  Or  the  Supplement  will 
be  found  to  be  105  Degrees. 

Thefe  twa  Propofitions  thus  generally  propounded,  do  ( in  brief) 
fetfonh  two  of  the  principal  ufes  of  this  Scale  of  Verfed  Sines.  And 
to  thefe  two  I  will  add  one  more,  which  is  done  without  opening  the 

Seftor  stall.  r  • 

*  ■ 

3,  Having  a  proportion  to  be  wrought  in  Sines  alone,  wherein  the  Radius 
leads  j/n  the  proportion,  bore  to  find  a  f  ourth  proportional  Sine  upon 
this  V trfed  Scale . 

TAkc  the  fum  and  difference  of  the  fecond  and  third  Arks ;  count 
them  upon  the  Scale  and  take  the  difference  of  them ;  if  you  fee 
this  diftance  equally  remote  from  90  upon  the  Scale  on  both  fidesofir, 
you  fhali  fee  both  the  feet  of  the  Compaffcs  to  ftay  upon  the  fourth 

A  a  2  proportional; 


'  s. 
* 
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proportional  Sine  required.  Suppofe  the  proportion  to  Hand  thus.  As 
the  Radius,  to  the  Sine  of  6 o  gr.  fo  the  Sine  of  40  gr .  to  what  Sine? 
The  fum  and  difference  of  the  two  given  Arks*  60  and  40  are  1 00  and 
20.  I  take  chediftance  of  thele  twocountcd  upon  the  Scale,  and  fet 
Jt  equally  diftant  on  both  fides  from  90,  and  1  find  it  to  flay  in  33  J 
irompo.  Wherefore  I  conclude  that  as  the  Radius  is  in  proportion  to 
the  Sine  of  6ogr.(o  the  Sine  of  40 gr.  to  the  Sine  of  3  3  %gr. 


&As  for  the  former  general  Problems,  that  their  ufefulnefs  may  be  more 
manifeft,  /  mil  here  add,  three  Proportions  deduced  from  .  them, 
which  are  of  daily  ufe,  and  by  other  general  Infir  uments  performed  with 
much  difficulty. 


The  firft  fTiall  be,  To  get  the  Suns  Azimuth. 
The  fecond,  To  find  the  hour  of  the  day . 

The  third,  To  find  the  Suns  Altitude  at  any  hour9 

The  firft  of  thefe  is, 


I.  Having  the  Latitude  of  the  place y  the  degree  of  the  Sun  in  the  Zo¬ 
diac,  and  the  Sews  A  It  it  tide  above  the  Horizon ,  to  find  the  Sms  Azh 
rnutk  either  from  the  Xtfortk.  or  from  the  South. 

:  :  . ;  .  *  .  7 

BEcaufethis  Propofition  isfo  very  ufefulinmany  particulars,  there¬ 
fore  principally  is  the  Zodiac  Line  annexed  to  this  verfed  Scale, 
and  therefore  alio  do  I  fet  it  in  the  firft  place. 

This  falls  under  the  fecond  general  cafe  delivered  before  ;  The  two 
Legs  of  the  Triangle  are  the  Complement  of  the  Latitude*  and  Com¬ 
plement  of  the  Suns  Altitude.  The  Bafe  is  the  Suns  place  in  the  Zo¬ 
diac,  taken  from  the  beginning  of  the  Line.  The  Vertical  Angle  in 
thefe  Northern  Latitudes,  is  the  Azimuth  from  the  North. 

Take  the  Sum  and’ difference  of  the  Complement  of  the  Latitude, 
and  the  Complement  of  the  Suns  Altitude,  and  count  this  fum  and  dif- 
terende  upon  the  verfed  Scale,  and  with  your  Compares  take  their  di¬ 
ftance,  with  that  diftance  open  the  Seftor  to  fomc  one  Line  on  the 
other  Leg,  which  ifiuech  from  the  Center,  from  the  end  of  the  ver¬ 
fed  Line.  Afterwards  take  the  diftance  from  the  aforenamed  diffcrencer 
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to  the  Sans  place,  and  en-ter  it  between  the  former  L;ne  on  the  other 
Leg, and  the  verfed  Scale,,  and  note  the  Point  of  the  verfed  Scale  on 
which  the  foot  of  the  Compafs  ftays,  the  fame  Point  thews  the  Azi¬ 
muth  from  the  North.  Or  when  the  Senior  is  opened,  take  the  di- 
rtance  from  the  fum,  to  the  Suns  place, the  fame  entred  as  before,  will 
give  the  Azimuth  from  the  South.  Note  that  if  the  fum  do  exceed 
1S0  grm  then  you  are  to  account  170  4s  190*  160  as  200,  15.0  as 

2X0,  v  “  >_  V<5  . 

•  vv  *  v  .  *  _  «•:*  .. 

ciit.p it  •;  1‘H  -  -i  io 

Example, 


U  - 


.. 


1  *  ^  -  ^  1  .  ■■  *  V  • 

IN  the  Latitudes*  gr.  30  m.  TheSunbeing  in  the  begining  of  7V#- 
rm,  and  the  Altitude  3  ^r.  The  Complement  of  the  Latititude  is 
gr.  The  Complement  of  the  Altitude  is  $5  gr,  The  fum  of  thefe 
two  is  93  gr,  30  m,  their  difference  is  16  gr.  30  m,  I  take  the  diftance 
of  thefe  two  counted  upon  the  verfed  Scale,  and  with  it  do  open  the 
Se&or  to  fome  one  Line  on  the  other  Leg  which  iffueth  from  che  Cen* 
ter,  from  the  end  of  the  verfed  Scale  :  then  I  take  the  diftance  from 
the  fum,  p)  %gr,  to  the  Suns  place  00  Taurtu,  and  enter  it  upon  the 
verfed  Scale,  to  the  former  Line  on  the  other  Leg,  and  find  the  foot 
of  the  Compafs  to  ftay  at  60  gr.  which  is  the  Azimuth  re* 

quired. 

^  .  *  * 

•-  ,  +■•  *  „  *  „  ■»  t  +.  >  i  t .  -r  ?  /  ■■  % 

€0&0LLARn 

j  r  cjl*  » *  nr:  *.  r ;  *■  /  •*.  t-  ,  4  f  *;  .  >  **  *  •  *  • 

Thtffcme  things  given,  To  find  the  Amplitude  of  the  rlfing  and  fitting 
of  the  Sun,. 


IFyoufuppofetheSunto  have  no  Altitude  abpvc  the  Horizon,  and 
fo  the  Complement  of  it  to  be  90,  and  then  work  by  the  former 
precept*  the  firft  way  fhews  the  Amplitude  from  the  North,  and  the 
fecond  way  fhews  the  Amplitude  from  the  South.  And  if  either  of 
thefe  two  numbers  be  numbred  from  the  middle  of  the  Line  noted 
with  90,  youfhall  have  the  Amplitude  from  the  Eaft  or  Weft.  Soto 
the  beginning  of  Tanruiff  fhall  find  the  Amplitude  to  be  icSgr .  41  m*> 
from  the  South :  7  r gr.  19  m,  from  the  North  .*  and  i$gr<  41  zw.from. 
the  Eaft  or  Weft. 


f'i,C ) 


/.)  n 


r 


iSa  Mr.  Samuel  Foflter  hit 

*  ^ 

A  fccond  Example  is, 

*  *■  '  t  , 

The  Latitudes  of  two  places,  and  their  difiance  being  givttu  to find  their 
Difference  of  Longitude, 

LEt  the  two  places  be  London  and  Hierufalem,  the  Latitude  of  h%Hm 
donjlgr.  30  w.of  Hierufaltm  $2 gr.  their  diftance  39  gr.  lam. 
and  their  difference  of  Longitude  required* 

Thefumof  the, Complements  of  the  two  Latitude^,  96 gr,— 30 
Their  difference  jp _ ^30 

Take  the  diftance  between  this  fum  and  difference,  and  open  the 
Settor  from  the  end  of  the  Verfed  Scale,  then  take  the  diftance  from 
thedifference  ip.fr.  30  ns.  to  the  diftance  given,  viz,,  39  gr .  14/w. 
where  that  fits  over  from  the  Verfed  Scale,  which  will  be  at  4 7 gr.  is 
the  difference  of  Longitude  required.  The  next  thing  is, 

,1 

Having  the  Latitude ,  the  Suns  place  in  the  Zodiac,  and  the  Altitude 
abtve  the  Horizon ,  to  find  the  hour  from  the  South . 

THis  alfo  falls  under  the  fecond  general  cafe  before  delivered. 

The  two  Legs  of  the  Triangle,  are  the  Complement  of  the  La- 
titude,  and  the  Suns  diftance  from  the  elevated  Pole :  theBafc  is  the 
Complement  of  the  Suns  Altitude  above  the  Horizon  -  the\tetical 
Angle  in  thefe  Northern  Latitudes  is  the  hour  from  the  South,  or 
Mid-day^ 

Firft,  Count  the  number  of  gr,  from  the  beginning  of  theScaleto 
the  Suns  place,  this  number  compare  with  the  Complement  of  the 
Latitude,  and  find  the  fum  and  difference  of  them.  Then  upon  the 
Verfed  Scale  count  this  fum  and  difference,  and  take  the  diftance  of 
them,  and  with  that  diftance  open  the  Se<ftor,  as  is  preferred  in  tlj 
former  Propofition.  Then  take  the  diftance  of  the  Complement  of 
the  Suns  Altitude,  and  the  afore-named  difference,  and  entfing  it 
upon  the  Verfed  Scale  from  fome  one  Line  on  the  other  Leg,  which 
iffueth  from  the  Center,  you  fball  find  it  to  ftay  upon  a  number  Of 
degrees,  which  turned  into  time,  gives  the  hour  required.  One  hour 
safwcrs  to  1  g  gr.  one  degree  makes  four  minutes  of  time.  Note  here 


niter itm  tf  the  si&tr'.- 

alfo,  that  if  the  fum  do  arife  to  above  180 gr.  you  are  then  to  accoun* 
l-o 'as  190,  id©  as  20©,  150  as  210,  as  was  before  intimated. 

'■  Example.  From  the  beginning  of  the  Scale  to  00 d  is  787^.  this  i  f 
I  compare  with  58 \gr.  and  I  find  the,  fum  of  them  tobe  117.gr.  and 
the  difference  to  be  40  £r.  then  I  count  theie  two  numbers  upon  th^f  ./  d 
Verfed  Scale,  and  take  their  diftance ;  with  this  diftance,  I  open  the 
Seftor  from  the  end  of  the  Verfed  Scale,  to  fome  one  Line  on  the  pp 
‘other  Leg.'  Again,  I  take  the  length  from  40^.  (the  fore-named a/L 
difference  )  to  55  gr.  the  Complement  of  the  Altitude  (  which  I  fup-  \ 
pofe  to  be  the  fame  that  was  in  the  former  example  )  and  this  length  I  iflJ— 
enter  upon  the  Verfed  Scale,  from  the  former  Line  on  the  other  Leg/ 
and  find  the  foot  of  the  Compares  to  flay  in  4 6  gr.  48  m.  This  Ark 
contains  3  hours  and  7  j  m.  of  an  hour,  and  fo  much  is  the  hour  at  that 
time  from  noon.  If  the  Altitude  therefore  were  obferved  in  themorn- 
ing,  it  mull  be  53  «*•  pall  8  of  the  clock  ;  if  in  the  after- noon, it  is  7  m. 

pS Or  in  had  taken  the  length  from  the  fore- named  fum  1 1 7  gr.  to 
rr  !_r.  the  Complement  of  the  Altitude,  and  had  entered  the  length, , 
as  before  I  Ihould  then  have  found  the  Supplement  of  the  former, 
namely  1 3  3  gr.  1  a  m.  which  is  the  hour  from  mid-mght,  namely, eight 
hours  and  53W.  which  is  the  hour  of  the  day,  if  the  Suns  Altitude ; 
were  taken  in  the  morning,  or  elfe  the  Complement  of  that  hour  to  , 

12,  namely,  3  hours  7  minutes,  is  the  hour  of  the  day,  if  tbeobferva-  - 
lion  were  siadc  in  the  afternoon* 

x  !  p- 

*  *S  \  r  ■  ■  *  k  * 

1.  Corollary. 

.t  W  *  "  :  •  *■  '..a  ■  -  • 

■  -  i 

T«  find  the  Semidiurnal  and  S emimElurnal  Arks. 

IF  YOU  fuppofe  the  Altitude  to  be  CO,  andfo  the  Complement  of  it  to  . 

be  00,  and  then  work  by  this  Precepr,  yonihatl  find  the  Semidiur¬ 
nal  Ark  from  the  beginning  of  |he  Line,  and  the  Semmoaurnal  Ark 
from  the  end  of  the  Line,  numbered  in  degree?,  and  each  of  thofe 
turned  into  hour*  and  minutes, and  doubled,  will  fhew  the  length  of  the 

da  An^if 'from  the  degrees  of  the  Semidiurnal  Ark,  you  take  90,  you 
Tiall  have  the  Afcenfional  difference  in  degrees;  or  if  you  take  fix 
ours  out  of  the  Semidiurnal  hour?,  you  lhall  have  the  fame  Afceilfi- 

nal  difference  in  time.  Example., 
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Example.  In  the  fame  Latitude,  and  the  00  gr.  of  tf,  the  Semidt- 
urnal  Ark  will  be  104^.  49  m.  Thefe  doubled,  make  the  length  of  the 
day  to 9gr.%8tM.  Or  the  fame  turned  into  hours,  make  6  hours 
minutes,  and  thefe  doubled,  make  the  length  of  the  day  13  hours 
58iminutes.  The  Semino&urnal  Ark  is  11  m>  or4  bourse^ 

minutes.  Thefe  doubled, make  the  length  of  the  night  150  gr.  22  m . 
or  10  hours  1  £  minutes  of  an  hour. 

The  Afcenlional  difference  is  i4gr,  59  m.  or 00  hours-|9^  of  an 
hour. 

2.  COROLLARY . 

To  find  the  moment  of  time ,  when  the  Crf  pufculum  begins  rW/. 

T  F  you  fuppofetheSun  to  be  i8^r.  below  the  Horizon,  and  fo  take 
Xfrom  the  former  difference  of  the  Legs, down  to  108,  and  enter  that 
length  as  before?  you  Ihall  find  what  time  from  the  mid-day  the  two 
twy- lights  begin  and  end. 

Example.  In  the  beginning  of  Taurmy  the  morning  twy-Iight  be¬ 
gins  139^40  m.  before  noon,  that  is  9  hours  18  i, minutes,  or  at 
41  f  minutes  paft  two  a  clock  in  the  morning,  and  the  evening  twy- 
lighs  ends  1 3 pgr.  40  m.  after-noon,  or  at  18  f  pad  nine  a  qjock  at 
night. 

3.  COROLLARY .  ^1 

The  Sum  place  being  aligned  in  any  Point  of  the  Zodiac ,  to  find  hU  Al¬ 
titude  at  att  hours • 

THis  Problem  falls  under  the  firft  general  Cafe  before  delivered* 
ThetwoLcgsof  the  Triangle  are  the  Complement  of  the  Lati¬ 
tude,  and  the  Suns  diftance  from  the  Elevated  Pole.  The  Angle  in¬ 
tercepted  between  them  is  each  hour  from  the  South,  whofe  Altitudes 
are  required.  The  Bafe  is  the  Complement  of  the  Altitude  fought 
for. 

Fir  ft,  Find  the  fum  and  difference  of  the  Complement  of  the  Lati¬ 
tude,  and  the  Suns  diftance  from  the  elevated  Pole,  count  both  this 
futa  and  difference  upon  theVerfed  Scale,  and  take  the  diftance  of 
them,  and  open  the  Senior  to  fome  one  Line  on  the  other  Leg,  which 

iffuech 
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iffaeth  from  the  Center  ;  to  that  diftance,  from  the  end  of  the  verfed 
Scale.  Then  count  every  hour  upon  the  vcrfcd  Scale  (  allowing  tfgr* 

I  to  a$  hour)  and  from  thofe  hour*  points  take  the  lea  it  diftance  to  the 
former  Line  on  the  other  Leg*thefc  diftances  being  fee  from  the  afore¬ 
named  difference  of  the  Legs  oucword  upon  the  vcrfcd  Scale,  will 
|  give  the  Complement  of  the  Altitudes  to  each  feverat  hour  from  the 
Meridian.  Or  if  they  be  numbered  from  90  in  the  Scale,  to  the  foot 
jof  the  Compaffes  neareft  to  130  upon  the  Scale,  you  fhall  have  the 
Alcicudesthemfclves. 

Note,  that  if  you  go  quite  through  every  fifteenth  degree*  or  every 
jof  the  twelve  hours  upon  the  Scale,  you  fhall  go  beyond  po^and  thofe 
degrees  beyond  90  are  the  profundities  of  the  night-hours,  the  Sun 
being  in  that  degree  of  the  Zodiac,  And  they  are  alfo  Altitudes  of 
the  hours  for  the  Suns  being  in  the  oppofite  degree  of  the  Zodiac,  So 
ithat  one  opening  of  the  Se&or  will  ferve  to  find  the  Altitudes  of  all 
the  hours  in  any  two  oppofite  Signs  or  Points  in  the  Zodiac.  Note 
alfo,  thot  the  difference  of  the  Legs  is  the  Complement  of  the  Suns 
Altitude  at  1 1  a  clock  at  noon,  and  the  fum  of  them  being  diminished 
by  9°  gr.  is  the  depth  at  mid-night  or  the  mid-day  Altitude  of  the 
Sun,  when  he  is  in  the  oppofite  Sign  or  degree. 

Notelaftly,  (  as  formerly)  that  if  the  fum  of  the  two  Legs  do 
amount  to  above  180,  you  muff  then  count  170  for  190,  160 for  200, 

1 5  o  for  2 1  o,  &c .  as  was  noted  before. 

.  .  • 

Becaufe  this  Prof  option  k  ft  frequent  in  ufe  for  the  making  of  Tables  of 
the  Suns  Altitude  in  every  Sign ,  or  any  Parallel  of  Declination9whicb  ~~ 
ferve  for  drawing  particular  infirumental  Dials ,  as  Quadrants, 
Rings,  and  Cylinders,  and  for  aft  other  purpofes  alfo,  I  will  therefore 
add  one  example  at  large ,  to  make  it  the  more  plain . 

A  -  '  *  -  '  -  1 

Example .  In  our  Latitude  51  gr.  30  m.  the  Sun  being  00  Taurus,  I 
would  know  the  Suns  Altitudes  at  every  hour  of  the  day,  and  the  pro¬ 
fundities  of  the  Sun  at  every  hour  in  the  night.  The  Complement  of 
ihe  Latitude  is  38  gr.  30  m.  and  the  Suns  diftance  from  the  North 
5o!e  is  78^.50  m.  the  fum  of  thefe  is  U7^r.  the  difference  of  them 
s  40  gr .  Firft  then,  I  count  thefe  two  numbers  upon  the  verfed  Scale* 
lind  cake  their  diftance,  with  this  diftance  I  open  the  Senior  to  forac 
!>ne  Line  on  the  other  Leg,  which  iflueth  from  the  Center,  from  the 
£nd  of  the  Verfed  Scale#  Then  I  count  15  upon  the  vcrfcd  Scale,  # 
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and  from  thence  I  take  the  Ieaft  diftance,  to  the  former  Line  on  the 
other  leg.  One  foot  of  this  diftance  I  fee  upon  the  difference  of  the 
Legs  (  which  was  40  degreesj  The  other  1  fet  forward  upon  the  yer- 
fed  Scale,  and  where  it  falls,  it  (hews  41  gr.  4 8  the  Complement  of 
the  Suns  Altitude  at  1  r  and  1  a  clock,  or  counting  it  from  9 it  Ihews 
48  f>r.  1  2  m  the  Altitude  it  felfac  1 1  and  1  a  clock. 

So  again,  I  count  50  upon  the  verfed  Scale,  and  take  the  Ieaft  di- 
flance  to  the  former  line  on  the  other  Leg,  and  fet  one  foot  upon  the 
difference  of  the  Legs  (  viz,.  40*  gr-  )  the  other  forwards  upon  the 
verfed  Scale.  1  find  it  to  tall  upon 46  gr.  48  m.  which  is  the  Comple¬ 
ment  of  the  Suns  Altitude  at  10  and  2  a  clock  j  or  counting  it  from  9®, 
it  falls  upon  43 gr*  1 2  the  Altitude  icfelf,  at  10  and  2  a  clock,  or 
from  9*gr.  it  tails  upon  4?£r.  iim,  the  Altitude  it  felf. 

In  the  fame  manner  taking  the  Ieaft  diftance  rrom  gr.  to 
mer  Line  on  the  orher  Leg,  and  fetting  one  foot  of  that  diftance  tothe 
d!fference°of  the  Legs.ypu (hall  find  the  other  to  fall  upon  54  degrees, 
which  is  the  Complement  for  the  Altitude  for  9  and  3  a  clock. 

And  fo  working  from  60, the  Compaffes  will  (hew  the  Complement 
of  the  Altitude  62.gr.  a  9  m.  and  the  Altitude  it  felf  27  gr.  31  m.  for 

the  hour  of  8  and  4.  ,  .  ,  , 

And  at  71  degrees,  having  with  your  Compafles  taken  the  Jeaff  di¬ 
ftance, and  fet  it  as  before  to  the  difference  of  the  Legs,  wilj  give  18^. 
18  m.  for  the  Altitude  of  7  and  5  a  clock. 

Ahdat  90,  or  6  a  clock,  the  Altitude  will  bep^r.  com. 

So  working  ftill  in  the  fame  manner,  fromioj,  upon  the  Verfed 
Scale,  you  (hall  find  your  Compafles  to  reach  beyond  90,  namely,  to 
90 gr.  o 6  m.  for  5  im  the  morning,  and  7  after  noon.  From  which,  if 
you  take  90 gr.  the  remainder  (hews  how  much  the  Sun  is  below  the 
Horizon  at -5  in  the  morning,  and  7  at  night ;  namely,  6  minutes.  Or 
it  (hews  how  high  the  Sun  will  be,  when  it  is  in  the  beginning  of  Scot- 
pin,  the  oppofite  (ign  to  Tamm,  at  7  in  the  morning,  and  at  5  after 
noon  :  and  doing  the  like  from  120,  you  (hall  find  the  Compafles  to 
{hew  98  gr.  23  m.  from  whence  taking  90,  there  will  remain  &gr. 
33  m.  for  the  Suns  profundity  at  4  in  the  morning,  and  8  at  night,  the 
Sun  being  in  00  of  Tattrm ,  or  %gr.  3  3  tm  for  the  Suns  Altitude  at  8 
in  the  morning,  and  4  after  noon  in  00  of  Scorpio.  At  13  3  gr.  the 
profundity  for  3  and  9,  or  the  Altitude  for  9  and  3,  will  be  lfgr.tfm 
At  1  to,  the  Profundity  for  2  [and  10,  or  the  Altitude  for  10  and  2. 

•will  be  aifr.sn*.  At \6h  the  Profundity  at  1  and  u  inooof7<»- 
*  rm, 
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rttiy  or  the  Altitude  of  11  and  1  in  00  of  Scorpio ,  w  llbc  25  gr,  40  W. 
AndlafUy,  whereas  the  difference©!  the  Legs  was  found  40 gr,  by 
what  was  formerly  intimated,  the  fame  40  degrees,  do  fhew  the  Com¬ 
plement  of  the  Subs  Altitude  at  12  a  clock,  when  the  Sun  i*  in  00  of 
Scorpio, 

By  this  appears  the  manner  of  refolding  this  Proportion,  and  how 
thefe  Tables  may  be  made  to  other  Signs  or  Points  of  the  Ecliptick, 
or  Declination  from  the  Equinoftial. 

Note  alfo  that  the  work  may  begin  with  the  Winter  figns,  and  end 
with  the  Summer,  as  here  it  imy  begin  with  Scorpio ,  and  end  with  Tan- 
r»*,thu$.  From  the  beginning  of  the  Line  to  the  beginning  oiScorpioy 
are  ioi^r.  30 m.  This  dirtance  compared  with  38£r.  30 m,  makes 
thefum  140 and  the  difference  63,  the  Complement  of  this  diffe¬ 
rence  is  27,  the  Altitude  of  12  at  noon  in  the  beginning  of  Scorpio , 
and  the  Excefs  of  140  above  90  is  50,  which  gives  the  midnights  Pro¬ 
fundity  at  the  beginning  of  Scorpio ,  or  the  mid-days  Altitude  in  the 
beginning  cAT auras,  And  if  you  work  for  the  other  hours  (  as  in  the 
laft  example  was  largely  (hewed  )  you  (hall  find  the  Altitudes  pointed 
out  by  the  other  foot  of  the  Compaffcs,  for  each  hour  in  00  of  Scorpio , 
untill  you  come  towards  90, and  when  you  come  beyond  90,  the  Excefs 
(hews  the  Profundity  for  the  reft  of  the  hours  of  the  night  in  Scorpio ; 
but  the  Altitudes  for  the  anfwerable  hours  in  the  beginning  ofT*#- 
rtu.  And  fo  ail  other  Signs  and  Parallelsof  Declination, 

Thefe  are  the  particulars  in  which  I  intended  toexemp!ifie,becaufe 
their  ufes  are  more  frequent  than  the  others  are. 

By  the  like  work,  having  the  Declinaron  and  Reclination  of  any 
Plane,  may  be  found.  Firft,  The  Poles  Altitude  above  the  Plane ;  then 
in  proportions  in  Signs  alone  may  be  found,  the  Planes  diference  of  Lon - 
gitude ,  with  the  departure  of  the  Suhftyle  from  the  V ertical  Line :  and  by 
thefe  the  Dial  may  be  made,  and  the  Lines  placed  in  a  right  pofition* 
So, by  che  like  work,  having  the  difference  of  Longitudeof  any  Ci¬ 
ty, or  remarkable  place  from  yours, and  che  Latitude  of  the  fame  place, 
you  may  find  in  what  Pofition  a  Plane  is  to  be  fee  in  your  Horizon,  in 
refpeft  of  Declination  and  Reclination,  or  Inclination,  chat  may  repre- 
fent  the  Horizon  of  the  fame  place,  and  accordingly  you  may  put  on 
the  hours  that  belong  to  that  Plane  or  place,  with  all  the  other  furni¬ 
ture  whereby  the  Portions  of  the  Sun,  inrefpeft  of  the  place,  may 
be  represented  to  your  view  upon  the  Plane. 

And  befidcs  thefe,  there  are  many  other  particulars  which  may  be 
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performed  uponthisScale,  namely,  all  that  fall  under  the  fore-men 
tioncd  totirch  Axiom  of  Spherical  Trigonometry. 


CHAP.  X. 

Of  the  ether  Scales  on  the  edges  and  l pare  places  of  the  S  eel  or* 

W  Hen  then  theSe&or  is  opened  into  a  ftraight  Ruler,  then  will 
the  divifionsof  the  outer  edges  of  the  two  Legs,  and  upon  the 
two  flatTidcs>  (  which  in  the  former  ufage  of  the  Sector  appeared  to 
be  divided  or  broken)  be  made  up,  and  become  as  entire  Scales, 
i.  Tfeofc  on  the  outer  edge  arc  the  three  ufual  Logarithmetical 
Lines  of  Number*,  Sines,  and  Tangents.  Theufeof  thofe  arefhewed 
moft  largely  by  Mr.  Gunter  in  the  ufe  of  the  Crofs-ftaff,  and  therefore 
I  fhall  need  to  fay  no  more  of  them. 

2.  The  two  Scales  of  Foot  and  Inch  meafure,  upon  one  of  the  flat 
Tides,  will  ferve  to  meafure  fmall  lengths,  that  reach  not  above  one 
foor,  or  clfe  to  make  longer  Scalesof  foot  or  inchmeafure,  whereby 
greater  lengths  may  be  meaiured. 

And  this  is  all  I  fliall  need  to  mention  of  thefe  two  Scales?  the  others 
that  remain,  require  fomewhat  more  to  be  faid  of  them. 

CHAP.  XI. 

Of  the  mo  Scales  of  Wine  and  Ale  meafure .  • 

It  is  here  fup-C  Wine  Gallon  contains  231  >  Cubical 
poled  chat  ac  Ale  Gallon  contains  288  >  Inches. 

THefcrwo Seales  ferve  for  the  fpeedy  gauging  of  Wine,  Ale*  or 
Beer  Vcffcls ;  and  therefore  you  mull  firft  prepare  a  Staff  of  con¬ 
venient  length,  whereby  to  take  the  Diraenfions  of  any  veffcl.  And 
upon  the  Staff. 

Fer  Wine,  you  muft  fet  on  the  length  of  4  foot  and  Ht  parts  of  an 
inch,  which  length  is  to  be  divided  into  3©  equal  parts,  with  decimal 
fubdiVifions  futable  to  each  parr,  and  continue  the  fame  parts  quite 
through  the  length  of  the  Staff,  For 


thcrttm  (f  the  Sefftr. 

For  Ale,  fee  on  the  length  of  4  foot  and  two  inches  juftly,  and  di¬ 
vide  the  fame  into  25  equal  parts,  and  fub-divide  thofe  parts  decimally 
into  as  many  fub-divifions  as  thofe  parts  will  contain. 

With  thefe  Scales  you  are  to  meafare  the  Wine  or  Ale  veffcls,  that 
is,  you  muff  take  their  Diameters  at  the  bung  and  head,  and  mcafure  the 
length  of  them  each  with  his  proper  Scale. 

Then  to  find  the  Content  in  GsHonf, 

Count  the  length  of  the  Diameter  at  the  bung,  upon  the  proper 
Scale  (  that  is,  upon  the  Scale  of  Winc-mcafurc  upon  the  Seftor,  if  ie 
be  for  Wine,  or  upon  she  Scale  of  Ale-mcafurc,  if  it  be  for  Ale)  and 
taking  the  fame  in  your  Compares,  apply  it  to  the  Line  of  Superficies, , 
feccing  one  fopt  in  the  Center  of  thcSe&or,  and  mark  where  the  other 
footfalls,  and  noting  the  number,  write  it  down  twice.  In  this  work 
the  whole  Line  of  Superficies  is  fuppofed  to  contain  but  ten  parts  only. 
Again,  count  the  Diameter  at  the  head,  upon  the  proper  Scale  ©f  the 
Se&or,  and  apply  that  length  likewife  to  the  Line  of  Superficies  and 
note  what  number  it  falls  upon,  end  write  it  under  the  two  former,  on¬ 
ly  once:  then  add  thefe  three  Numbers  together,  and  keep  the  fum» . , 
Afterwads  going  to  the  Line  of  Numbers.  Say, 

As  2,  to  the  length  of  the  Vcffcl. 

So  the  former  fum,  to  the  content  of  the  Vcficlin  Gallons. 

Example . 

V  ^  /■ 

x  * 

Suppofe  a  Veflei  whofe  Diameter  at  the  Bung,  contained  2 
parts  of  the  Scale  of  Wine  mcafure.*  the  Diameter  at  the  head  lS1- 
of  the  fame  parts ;  the  length  of  the  Veffcl  30  partsof  fuch  a  Scale 
as  is  formerly  preferibed  for  Wine  mcafure,  from  which  thefe  mca- 
furcs  here  fuppofed  are  taken. 

The  firft  number  of  the  Bungs  mcafure  I  take  from  the  Scale  of 
Wine  mcafure  upon  the  Senior,  and  applying  it  to  the  Line  of  Super¬ 
ficies,  I  find  it  then  to  fall  upon  4  2-,  which  number  I  fee  down 

twice. 

Then  again  I  take  the  head  number  from  the  fame  Scale  of  4*  7°  * 
Wine  meafurc  upon  the  Sc&or,  and  when  it  is  applied  to  4.  70 
the  Line  of  Superficies  it  reachcth  to  (  about)  3  which  I  fee  $.  2  5 
under  the  two  former  numbers  in  right  order, as  in  the  Margin  n. 

the 
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the  fum  of  thefe  three  Numbers  is  iz -r.  Then  upon  the  Line  of 
Numbers  I  work  this  proportion ; 

As  2  is  to  the  fum  12  -1 :  fo  is  the  length  30  to  190  near  upon.  So 
that  the  content  of  fuch  a  Veftel  is  near  190  Wine  Gallons.  And  if  it 
had  been  computed  by  Numbers,  the  content  would  be  about  A  of  a 
Gallon  left. 

f  If  the  fameVcffel  were  meafured  by  the  fore-mentioned  Staff 
made  for  Ale  mcafure,  the  Diameter  at  the  Bung  would  be  iS  of 
thofe  parts,  the  Dismeter  at  the  head  15,  the  length  of  cheVeflel24. 
And  the  two  formcrDiametcrs  being  taken  upon  the  Scale  of  Ale  mea- 
fure  upon  the  Settor,  and  applied  to  the  Line  of  Superficies  will  pro¬ 
duce  the  fame  three  Numbers  as  before.  Then  as  2  to  the  fum  of  thetrf 
1 2  :  fois  24  the  length  to  about  152,  which  is  the  content  in  Ale 

Gallons. 


CHAP.  XII. 


Hm  to  perform  the  fame  work  of  Gauging  by  Feet  or  Inches. 

F Or  this  purpofe  there  are  two  Scales  upon  the  inner  edge  of  one 
of  the  Leggs  of  the  Se&or,  called  Feet  and  Inches,  which  Scales 
cannot  be  true  Feet  or  Inches,  as  by  their  length  will  eafily  appear, 
but  for*this  work  of  Gauging  (  whercunto  they  are  chiefly  intended  ) 
they  are  to  reprefent  Feet  and  Inches,  .and  accordingly  are  here  called 
reprefentative  Feet, and  reprefentative  Inches. 

Now  to  cake  the  Dimcnfions  of  a  Veffel,  namely,  the  length  with 
the  Diameters  at  head  and  Bung,  you  muft  have  a  ftaff  divided. 

Either  into  true  Feet,  and  each  foot  decimally  fubdivided  : 

Or  into  true  Inches,  and  each  Inch  decimally  again  fubdivided. 
Thefe  Scales  may  be  made  from  the  true  Foot  and  Inch  Scales  in- 
feribed  upon  the  flat  of  the  Sector, as  was  intimated  before  in  the  tenth 
Chapter. 

Either  of  thefe  two  Scales  will  perform  what  is  here  intended. 

With  one  of  thefe  Staves  (  which  you  havemoft  mind  to  )  you  are 
to  meafure  the  Vefifel  ;and  knowing  of  what  Numbers  each  Dimenfion 
is,  you  may  caft  up  the  content  of  the  Veffel  thus. 

T# 
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To  find  the  content  in  GaHons> 

-V  T  '  ^  s  f  ♦ 

Count  the  Number  of  the  Diameter  at  the  Bung,  upon  the  Scale 

of  reprefentative  \  |  *» P°n  the  Sector,  and  take  that  length  and 

ftt  it  upon  the  Line  of  Superficies  from  the  Center  forwards,  and  fee 
what  Number  it  there  falls  upon,  write  that  Number  twice.  [  Remem- 
her  here  acain  that  the  Superficial  Line  in  this  work ‘is  tobe  efteemed 
Of  to  pans  only.]  So  do"  alfo  with  the  Diameter  at  the  head  and 
write  that  Number  under  the  othtr  two  once  only.  And  add  thefe 

three  Number*  and  keep  the  fum.  ^ 

Then  look  what  the  Veflels  length  was  in  true  ^  jnchetj  jeount  the 

fame  number  upon  the  Scale  of  reprefentative^  ,nch;S)£  and  when  you 

have  taken  it  off  frotn  thence^  roeafurc  ir? 

Either  upon  the  Line  of^J.0*  Jmeafure,  and  fo  what  Number  it 

reache  tb  thereon.  Then  upon  the  L'ne  of  Numbers  fay,  as  2  iiro  ih» 

lad  Number,  fo  is  the  fum  before  found,  to  the  Number  of^  A1|,ne£ 

Gallons  contained  in  the  Veffel.  .  • 

Or  without  meafuring  it  upon  thofe  Lines  of  Wine  or  A.eMea- 
fure,  you  may  do  in  this  manner.  Find  the  fum  of  the  three  Numbers,. 
«  before.  Then  upon  the  Line  of  Numbers  fay,  as  *  to  that  fum,  fo  the 
Number  of  the  Veffels  length  in  Feet  to  a  4«h.  And  as  1  to 

c  7. 481  for  Wine,  the  4tjj  Number  to  the  content  in  5  ,.'ne  i] 
1 6.000  for  Ale,  5  c  v 

G1f0  the  Veffels  length  be  taken  in  Inches,  then  thus:  As  2  to  the 
fum,  fo  the  Veffels  length  in  Inches  to  a  4«h.  And  again, 

5  6 !*  j4  f°r  Wine,  ?p0  js  4th  Number  to  the  content  in  5  Ajj,ne 

?  5»_ooo  for  AlCj  S 
Gallons. 

C  H  A  f0 
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CHAP.  XIII. 

Of  the  two  Seales  upon  the  inner  edge  of  the  other  Leg,  wLh  art 
divided  the  one  into  14,  the  other  into  20  equal  parts* 

THcfe  two  Scales  ferve  further  for  Gauging  of  Vcffels  by  the 
mean  Diameter,  and  the  ufe  of  them  is. 

To  find  fuch  a  mean  Diameter  between  the  Dilteetcrs  of  the 
head  and  Bung,  as  (hall  reduce  the  Vcffel  to  an  equal  Cylinder 
of  the  fame  length  with  the  Veffcl. 

This  way  of  Gauging  is  in  ufe,  and  for  our  common  Veffels  m«y 
ferve  as  coming  fomewhac  near  the  truth. 

Having  racafured,  either  in  Feet  or  Inches,  the  two  Diameters  at 
Head  and  Bung,  take  their  difference  and  count  it  upon  the  Scale  of 
20.  And  taking  that  length  fromthencc*  and  applying  it  to  the  Scale 
of  1 4,  fee  what  Number  it  cum  there.  Add  that  Number  to  the  leffcr 
Diameter,  which  is  the  Diameter  at  theHcad>  and  the  fum  will  be 
the  mean  Diameter. 

To  <jauge  by  the  mean  Diameter . 

# 

You  mud  firft  meafure  the  Dimcnfiom  of  the  Veffel  with  a  Scale 
of  Foot  or  Inch  meafure. 

Then  take  the  Number  of  the  mean  Diameter  out  of  the  rente- 

Tentative^  jnc^  ^and  meafure  it  upon  the  Line  of  Superficies 

(efteeming  the  faid  whole  Line  but  10  )  and  keep  the  Number  that  if 
falls  upon.  Then  upon  the  Line  of  Numbers  fay,  As  1  lothe  Number 

kept  $ fo  the  length  in^  jjfto  a  fourth.  |- 

Then  if  the  length  be  given  in  Inches,  and  the  former  wo&k  were 

alfo  forinches)fay,as  8  ^"^ior  as  10  to-5  9'%  *  ^orWine> 

7>  46.oo  for  Ale,  5  10 1  7. jo  for  Ale, 

fo  the  lormer  fourth  Number  to  the  Number  of  Gallons  in  the  VeflW. 

Or 
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Or  if  the  length  were  given  in  foot  meafure,  and  the  former  work 
were  alfo  for  Feet,  fay,  A«  i  to| 1  £  ^  \  fo  tbe  former 

fourth  Number  to  the  content  in  Gallons. 

Or  elfe  take  the  Veffels  length  out  of  the  reprefemative|  j^e<jj’s  & 

and  apply  them  to  the  ^-meafure  Scales,  and  ^obferve  what 

Numbers  they  there  fall  upon.Then  fay,  as  f  to  this  new  length  $fo  the 

Number  kept  before,  to  the  Number  of  i  XT'  #"»»•  <»  the 

VelTd.  f 

This  laft  way  is  performed  by  one  work  upon  the  Line  of  Numbers, 
whereas  the  other  requires  two. 


CHAP.  XIV.  ; 

*  *  • 

h  Jjfj  •  y  ,*  ■  ,  4 

How  to  meafure  Cartridges  of  Gunpowder  to  know  how  many  pound 

are  contained  in  them . 

i.  If  the  Cartridge  be  of  a  Cylinder  leal  form. 

Fir  ft  meafure  the  Diameter  and  length  of  it  with  a  Scale  of  Deci¬ 
mal  Inches.  Then  count  the  Diameters  length  upon  the  Line  of 
Lines,  (  counting  the  whole  Line  of  Lines  as  io  reprefentative  inches,) 
amd  with  your  Compares,  take  the  length  of  that  namber  from  the 
Line  of  Lines,  and  apply  it  to  the  Line  of  Superficies,  (  which  now 
in  this  work  muft  befuppofed  to  contain  ieo  parts)  and  note  the  Num¬ 
ber  which  it  rea<;heth  unto.  Then  upon  the  Line  of  Numbers,  fay. 
As  40  \  is  to  that  Number  noted,  fo  the  length  of  the  Cylinder,  to  the 
Number  of  the  pounds  of  Gunpowder. 

2.  If  the  Cartridge  be  of  a  Conical  form. 

Meafure  the  Diameter  of  the  Bafc,  as  before,  and  the  length  of  the 
Cone  likewife,  both  with  a  Scale  of  Decimal  Inches,  and  count  the 
Diameter  upon  the  Line  of  Lines,  and  apply  it  to  the  Line  of  Super- 

C  c  ficics, 
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ficics,  noting  the  Number  thereon,  as  was  done  before.  Then  fay, 
As  i2i  f  to  the  Number  before  noted :  So  the  Iength,to  the  cement  in 
pounds  of  powder. 

5  If  the  Cartridge  he  a  refetki  Cone % 

Meafure  the  Diameters  of  both  Bafes,  and  the  length  by  a  Scale  of 
Decimal  Inches :  Then  count  the  greater  Diameter  upon  the  Line  of 
Lines,  and  meafure  it  upon  the  Line  of  Superficies,  noting  the  Nam- 
ber,  as  was  done  in  the  two  former  ways.  Afterwards,  upon  the  Line 
of  Numbers,  fay  ;  As  the  greater  Diameter  to  the  Ieflcr  ;  So  the  no¬ 
ted  Number  to  a  fecond,and  fo  that  fccond  to  a  third.  Add  chefe  three 
the  firft ,  fccond  and  third  Numbers  together,  and  keep  the  fum.  Then 
fay  again,  As  121  5  is  to  thefaid  fum ;  So  is  the  length,  to  the  content 
in  pounds  of  powder. 

Or  you  may  count  both  the  Diameters  upon  the  Line  of  Lines,  and 
transfer  them  both  to  the  Line  of  Superficies,  and  note  what  two 
Numbers  they  cut,  count  the  fame  two  Numbers  upon  the  Line  of 
Numbers,  and  bifeft  the  didance  between  them,  fo  fhail  you  find  a 
middle  Number,  which,  with  the  tWo  former,  will  make  up  three 
Numbers,  the  fame  which  were  found,  the  other  way.  Then  { as  be¬ 
fore  )  add  thefe  three  Numbers  together,  and  keep  die  fum,  and  again 
fay,  As  1 2 1  4  is  to  the  faid  furojSo  is  the  length  to  the  content  in  pounds 
of  powder. 


) 


The  End  of  Mr.  Folleis  alteration  of  the  Settor. 


Poftfcript. 

UPon  the  Scheme  of this  Sector,  as  Mr.  Fofter  hath  contrived 
it,  there  are  feme  other  Lines  inferted  in  t  he  [pare  places 
thereof,  which  do  not  go  up  to  the  Center :  As,  Firjt,  a  Line  of 
three  hours,  with  their  halves  and  quarters,  which  Line  is  noted  at 
every  whole  hour  with  ♦,  and  at  every  half  and  quarter,  with  a 
little  Line  thsss  (.  The  ufe  of  this  Line  is  chiefly  in  Dialling,  and 
the  manner  of  ufing  it  is  Efficiently  fhewed  in  other  of  his  mrks, 
and  it  mofl  excellently  and  expedicioufly  performeth  that  manner 
of  Dialling,  which  Mr.  Gunter  teacheh  at  the  end  of  his  third 
Took  of  the  Seltor. 

There  are  alfi  other  Scales,  as  one  of  Metals,  and  another  of 
Segments  of  a  Circle,  the  ufes  whereof  are  the  fame,  as  Mr.  Gun¬ 
ter  hath  fhewed  at  large :  and  there  is  alfo  added  another 
Line  by  Mr.  Fofter,  which  is  alfo  called  a  Line  of  Segments  ;  that 
of  Mr.  Gunter  reprefenting  the  Segments  of  a  Circle  ;  the  other 
of  Mr.  Foftec,  the  Segments  of  a  sphere,  and  hath  like  ufe  in 
spheres,  as  the  other  hath  in  Circles. 

Vale. 
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In  Three  Books: 

The  pirftj 

Containing  its  Defcription,  and  the  Ufe  thereof  in 
taking  of  Heights  and  Diftances. 

The  Second, 

Contains  the  life  of  the  Lines  thereon  in  theMeafuring 
of  all  manner  of  Superficies,  and  Solids,  as  Board,, 
Glafs,  Land,  Timber,  Stone,  and  Gauging  of  Veffels, 
as  alfo  in  the  famous  Art  of  N  avigation* 

The  Third, 

Contains  the  life  of  the  Lines  of  Numbers,  Sines, 

and  Tangents  in  Dialling,  an  Excellent  and 
Compendious  Treatise,  fully  teaching,  and 
amply  explaining  the  Grounds  and  Reafons  thereof,, 
from  a  Projection  of  the  Sphere  in? Urn.  « 

To  which  is  added. 

An  Appendix,  containing  the  Deicription  and- 
Ufe  of  a  fmall  Portable  Quadrant,  for  the  more  eafie 
finding  the  Hour  and  Azimuth,  and  other  Solatr 
Conclufions  of  more  frequent  life. 

By  Edmund  (juntet. 

LONDON,' 

Printed  by  A.  C.  for  Vrancis  Eglesfield ,  and  are  to  be  fold  ate 

the  Marigold  in  St  Church-yard.  1^73* 
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Of  the  Vefcrifution  of  the  Staff. 

•  *  v  ■  -  r  .  :  <4  *  .  •  ♦  v- 

-I  •  .  y  . 

He  Crofs-Stffy  is  an  Inftruroentwcll  known  to  our 
Seamen,  and  much  ufed  by  the  ancient  Ailrono- 
mers  and  others,  ferving  Artronomically  for  ob¬ 
servation  of  the  Altitude  and  Angles  of  diftance 
in  the  Heavens;  Geometrically  for  Perpendi- 
cnlar  Heights  and  Diftances  on  Land  and 
Sea. 

The  I>efcription  and  feverat  Ufesof  it  are  ex¬ 
tant  in  Print,  by  Gemma  Frijku  in  Lstine,  in  Engli/h  by  2);  Hood.  I 
differ  fomething  from  them  both,  in  the  Pfyjetjtion  of  this  Staff,  but 
fo  as  their  Rules  may  be  applycd  onto  it,  and  all  their  Propofitioni  be 
wrought  by  it  ;  and  therefore  referring  the  Reader  to  their  Books,  I 
ihall  be  brief  in  the  Explanation  of  that  which  may  be  applied  from 
theirs  unto  mine,  and  fo  come  to  the  Ufe  of  thofe  Lines  which  are  of 
my  Addition,  not  extant  heretofore. 

Thcneceffary  parts  of  this  Inftrument  are  Five;  (r .)  The  Staff; 
(a  J  The  Grofs ;  And  (%•)  the  three  Sights.  The  Staff  which  I  made 
for  my  own  ufe,  is  a  full  Yard  in  length,  that  fo  it  may  fervefer 
meafere.  "  The 


f 


2*o  The  Vefcriptm  of  Lines'. 

The  Croft  belonging  to  it  is  26  Inches  f  between  the  two  outward 
fights,  If  any  would  have  it  in  a  greater  form,  the  proportion  between 
the  Staff  and  the  Crofs,  may  be  fuch  as  3  *  0  unto  16 
The  Lines  inferibed  on  the  Staff  are  of  four  forts:  One  of  them 
ferves  for  Meafure  and  Protra&ion  t  One  for  obfervaticn  of  Angles  .• 
One  for  the  Sea-Chart  5  and  the  four  other  for  working  of  Proporti¬ 
ons  in  fevcral  kinds.  . 

The  Line  of  Meafure  is  an  Inch  Line ,  and  may  be  known  by  his 
equal  quarts,  the  whole  Yard  being  divided  equally  into  $6  Inches, 
and  each  Inchfubdivided  firft  into  ten  parts,  and  then  each  tenth  part 

incohalfs.  ,  f 

The  Line  for  obfervation  of  Angles  may  be  known  by  the  double 
Numbers,  fet  on  both  Tides  of  the  Line,  beginning  at  the  fide  at  20, 
and  ending  at  90 :  on  the  other  fide  at  40,  and  ending  at  180 :  and 
this  being  divided  according  to  the  degrees  of  aquadrant,  I  call  it  the 
Tangent  Line  on  the  Staff.  - 

The  next  Line  is  the  Meridian  of  a  Sea-chart,  according  to  Merc  a* 
tors  Proje&ion  from  the  Equinoctial  to  58  gr .of  Latitude,  and  may  be 
known  by  the  letter  M,  and  the  Numbers  1, 2, 3, 4,  unto  58. 

The  Lines  for  working  of  proportions  msy  be  known  by  their  un¬ 
equal  divifions,and  the  numbers  at  the  end  of  each  Line. 

1.  The  Line  of  numbers  noted  with  the  Letter  N,  divided  unequal¬ 
ly  into  1000  parts,  and  numbred  with  1  ,  2,  3, 4,  unto  10. 

2.  The  Line  of  Artificial  Tangents  is  noted  with  the  letter  T,  divi¬ 
ded  unequally  into 45  dcgrecs,and  numbred  both  ways,  for  theTan* 
gent  and  the  Complement. 

3.  The  Line  of  Artificial  Sines  noted  with  the  letter  S,  divided  un¬ 
equally  into  90  degrees,  and  numbred  with  1,2,  3, 4,  unto  90, 

4.  The  Line  of  Verfcd  Sines  for  more  eafie  finding  the  hour  and 
Azimuth,  noted  with  V,  divided  unequally  into  about  164.gr, 
numbred  backward  with  10,  20, 30,  unto  164. 

Thus  there  are  feven  Lines  inferibed  on  the  Staff:  there  are  Five 
Lines  more  inferibed  on  the  Croft. 

1.  A  Tangent  Line  of  3  6gr.  3  m.  numbred  by  y,  io,i$,unto35 
the  midft  whereof  is  at  20  gr.  and  therefore  I  call  it  the  Tangent  of 
20  ^  and  this  hath  refpclt  unto  20  gr.  in  the  Tangent  on  the  Staff. 

2.  A  Tangent  Line  of  49 gr.  6  m.  numbred  by  y,  10,15,11111045  5 
the  midft  whereof  is  at  3  o gr*  and  hath  refpeft  unto  3^gr.  in  the  Tan¬ 
gent  on  the  Staff,  whereupon  I  call  it  the  Tangent  of  30. 

3*  A 


The  Description  of  Lines]  201 

A  Line  of  Inches  nurrbred  with  f,  2,  3,  unto  26;  each  Inch 
equally  fubdivided  into  ten  parts,  anfwerablc  to  the  Inch  Line  upon 
the  Staff. 

4.  A  Line  of  feveral  Chords,  one^anfwerable  to  a  Circle  of  twelve 
Inches  Setnidiameter,  numbred  with  10,20,  30,  unto  6 o,  another  a 
Sctnidiameter  of  a  Circle  of  fix  Inches;  and  the  third  to  a  Semidia- 
meter  of  a  Circle  of  three  Inches,  both  numbred  with  io,  20, 30,  un¬ 
to  90. 

5,  A  continuation  of  the  Meridian  Line  from  57  gr.  of  Latitude 
unto  7 6  gr.  and  from  76  to  8  4 gr. 

For  the  Iafcription  of  thefe  Lines.  The  firft  for  mcafurc  is  equally 
divided  into  Inches,  and  tenth  parts  of  Inches. 

The  Tangent  on  the  Staff  for  observation  of  Angles,  with  theTan- 
gentof  10  and  the  Tangent  of  30  on  the  Crofs,  may  all  three  be  in¬ 
ferred  out  of  the  ordinary  Tabic  of  Tangents. 

TheStaff  being  36  Inches  in  length;  the  Radius  for  the  Tangent  on 
the  Staff  will  be  13  Inches  and  103  parts  of  1000:  fo  the  whole  Line 
will  be  a  Tangent  of  70  gr.  and  muff  be  numbred  by  their  Comple¬ 
ments,  and  the  double  of  their  Complements,  the  Tangent  of  10 gr. 
being  numbred  with  80  and  i6q. 

The  Radius  for  the  Tangent  of  20  on  the  Crofs,  will  be  3  6  Inches, 
and  the  whole  Line  between  the  Sights  a  Tangent  of  36^.3  w.accord- 
ing  as  it  is  numbred,.  The  Radius  for  the  Tangent  ot  sogr.  on  the 
Crofs,  will  be  22  inches  and  69  5  parts  of  1000 :  fo  the  whole  Line  be* 
tween  the  fights  will  contain  a  Tangent  of  49  gr.  6  m.  in  fuch  fort  as 
they  are  numbred. 

The  Meridian  Line  may  beinferibed  out  of  the  Table  which  I  fee 
down  for  this  purpofe  in  the  ufe  of  the  Se&or. 

The  Line  of  Numbers  may  be  inferibed  out  of  the  firft  Chiliad  of 
Mr.  Briggs  Logarithms  :  and  the  reft  of  the  Lines  of  proportion  out 
of  my  Canon  of  Artificial  Sines  and  Tangents,  and  in  rccompence 
thereof  this  Book  will  ferve  as  a  Comment  to  explain  the  ufe  of  my 
Canon. 
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CHAP.  II. 

The  ufe  of  the  Lines  ef  Inches  for  perpendicular  heights  and 

di fiances* 

tN  caking  of  heights  and  di  (Vances?  the  Staff  may  be  held  in  fuch 
JLforr,  that  it  may  be  even  with  the  difbnce,  and  the  CrofV  parallel 
with  the  height  :  and  then  if  the  eye  at  the  beginning  of  the  Staff  fha*l 
fee  his  marks  by  the  inward  Tides  of  the  two  fir (l  fights,  there  will  be 
fuch  proportion  between  the  diflance  and  the  height,  as  is  between  the 
parts  intercepted  on  the  Staff  and  the  Croft.  Which  may  be  farther 
explained  in  thefe  Proportions. 


’ ’  ’»« j 
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I.  To  find  an  height  at  oneftation ,  ly  knowing  the  diftance9 

Set  the  middle  fight  unto  the  diflance  upon  the  Staff,  the  height  will 
be  found  upon  the  Croft*  For, 

As  the  Segment  of  the  Staff 
unto  the  Segment  on  the  Crofs  s 
So  is  the  di  fiance  given, 
antothe  height. 

As 


for  heights  and  dijiattceil  zo  j 

As  if  the  diftance  A  B  being  known  to  be  25 6  feet, it  were  required 
to  find  the  height  B  C  s  firft  Ipfrce  the  middle  fight  at.25  inchesand 
6  parts  of  10;  then  holding  the  Staff  level  with  the  difiance,  Iraife 
the  Crofs  Parallel  utiro  the  height,  in  fuch  fort,  as  that  my  eye  may  fee 
from  A  the  beginning  of  the  inches  on  the  Staff  by  the  fight  E,  at  the 
beginning  of  the  inches  on  the  Crofs  unto  the  mark  C:  which  being 
done;  if  I  find  19  inches  and  apartsof  10  intercepted  on  the  Crofs 
between  the  fights  at  E  and  D,  I  would  fay  the  height  BC  were  192 
feet. 

Or  if  the  obfervation  were  to  be  made  before  the  diftance  were 
meafured,  I  would  fet  the  middle  fight  either  unto  10  inches,  or  12  or 
16,  or  20,  or  24,  or  feme  fuch  other  number  as  might  beft  be  divided 
into  feveral  parts,  and  then  work  by  proportion.  As  if  in  the  former 
examplcthe  middle  fight  went  at  14 on  the  Staff,  and  18  on  the  Crofs, 
it  fhould  feem  that  the  height  is  %  of  the  diftance ;  and  therefore  che 
diftance  being  256,  the  height  fhould  be  192. 

2.  Tefini  an  height  by  knowing  feme  part  of  the  fame  height. 

•  As  if  the  height  from  G  to  C  were  known  to  be  48,  and  it  were  re- 
quired  to  find  the  whole  height  B  C,  either  put  the  third  fight,  or 
dfcme  other  running  fight  upon  the  Crofs  between  the  eye  and  the  mark 

G.  For  then, 

As  the  difference  between  the  fights 
unto  the  whole  Segment  of  the  Crofs : 

So  is  the  part  of  the  height  given, 
unto  the  whole  height. 

If  then  the  difference  between  the  fights  at  E  and  F,  fhall  be  45  ,and 
the  Segment  of  the  Crofs  ED  180,  the  whole  height  BC  will  be 
found  to  be  192. 

3 .  Tefini  an  height  at  two  flattens ,  by  knowing  the  difference  of  the  fame 
flattens. 

As  the  difference  of  Segments  on  the 
unto  the  difference  of  ftations : 

So  is  the  Segment  of  (he  Crofs>  ' 
unto  the  height. 


Staff, 

■iw* 

D  d  2  Suppofe 


1 
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Suppofe  the  firft  ftation  being  at  H,  the  Segment  of  the  Crofs  E  D 
were  180,  and  the  Segment  of  the  Staff  H  D  300:  then  coming  64 
feet  nearer  unto  B,  in  a  direft  Line  unto  a  fecond  Nation  at  A,  and 
making  another  observation,  fuppofe  the  Segment  oF  the  crofs  E  D 
were  1 80  as  before,  and  the  Segment  of  the  Stsff*  A  D  240  $  cake  240 
out  of  3  oo,  the  difference  of  Segments  will  be  60  parts.  And 

As  60  parts  unto 64 the  difference  of  Nations: 

So  D  E  180  unto  B  C  192  the  height  required. 

In  thefe  three  Propofitions  there  is  a  regard  to  be  had  of  the  height 
of  the  eye.For  the  height  mcafured,is  no  more  then  from  the  level  of 
the  eye  upwards. 

4.  To  find  a  difiance,  hy  homing  the  height . 

As  the  Segment  of  the  Crofs, 
unto  the  Segment  of  the  Staff : 

So  is  the  height  given, 
unto  the  diftancc. 

So  the  Segment  ED  being  18,  and  DA  24,  the  height  C  B  iph 
will  ihew  the  diftance  A  B  to  be  25 6. 

5,  To  find  a  difiance,  hy  Rowing  part  of  the  height. 

As  the  difference  between  the  fights, 
unto  the  Segment  of  the  Staff : 

So  is  the  part  of  the  height  given, 
unto  the  diftance. 

*.  .  I  *  jr  ^  *  N 

And  thus  the  difference  between  Eand  F  being  45,  and  the  Seg¬ 
ment  D  A  240 ;  the  part  of  the  height  G  C  48,  will  give  the  diftance 
A  B  to  be  256. 

6.  To  find  a  difiance  at  two  fiatlons ,  ly  Rowing  the  difference  of  the  fame 
fiatkns . 

As  the  difference  of  Segments  on  the  Staff,  ' 

;  unto  the  difference  of  ftations:  So 


for  heights  and  difiances .  a© I 

So  if  the  whole  Segment,  ' 

unco  the  diftance. 

And  thus  the  Segment  of  the  Crofs  being  1 80,  the  Segment  of  the 
Staff  at  the  firft  ftation  240,  at  the  fecond  500,  the  difference  of  the 
Segments  60,  and  the  difference  of  Nations  64,  the  diftance  AB  at 
the  firft  ftation  will  be  found  to  be  2  5  d,  and  the  diftance  H  B  at  the  fe¬ 
cond  Ration  3  a  o. 

Kf‘  ■  '  % 

7.  To  find  a  breadth,  by  knowing  the  di fiance  perpendicular  to  the  breadth. 

\  This  is  all  one  with  the  firft  Propofition.  For  this  breadth  is  but  an 
height  turned  Tideways $  and  therefore 

I  As  the  Segment  of  the  Staff, 

unto  the  Segment  of  the  Crofs  5 
So  is  the  diftance 
unto  the  breadth. 

And  thus  the  Segment  of  the  Staff  being  24,  and  the  Segment  of 
of  the  Crofs  1 8,  Ae  diftance  A  B  25  6 ,  will  give  the  breadth  B  C  to  be 
192. 

8. 7 9  find  a  breadth  at  two  flat  ions  in  a  Line  Perpendicular  to  the  breadth , 
\  by  knowing  the  difference  of  the  fame  ftations . 

This  is  alfo  the  fame  with  the  third  Prop,  and  therefore 

Hnk  f  v  7  - . s  v 

I  As  the  difference  of  Segments  onthc  Staff, 
unto  the  difference  of  ftations : 

So  the  Segment  on  the  Crofs  between  the  two  fights, 
unto  the  breadth  required. 

v 

I  And  thus  the  difference  between  the  ftations  at  A  and  H  being  #4^ 
he  difference  of  Segments  on  the  Staff  do,  the  Seg  rnent  of  the  Crofs 
180,  the  breadth  B  C  will  be  found  to  be  192. 

In  like  manner  may  we  find  the  breadth  G  C,  for  having  found  the 
>radth  B  C,  the  proportion  will  hold ; 

As 

U 


Of  taking  bmdthse  . 

As  D  E  is  unto  F  E,  fo  B  C  unto  G  C.  Or  other  wife, 

As  H  a  unto  H  A,  fo  F  E  unto  G  C. 

Neither  is  it  material  whether  the  two  ftacion*  be  chofen  at  one  end 
of  the  breadth  propoied,  or  without  ie,  or  within  it,  if  the  Line  be¬ 
tween  the  Nations  be  Perpendicular  unto  the  breadth  $  as  may  appear, 
if  in  Bead  of  the  Rations  at  A  and  H,  we  make  choice  of  the  like  fta- 
tions  at  I  and  K. 

There  might  be  other  ways  propofed  to  work  thefe  Proportions, by 
holding  the  Crofs  even  with  the  diftance,and  the  Staff  parallel  with  the 
height :  but  thefc  would  prove  more  troublefome, and  thofe  which  are 
delivered  are  lufficient,  and  the  fame  with  thofe  which  others  htvefet 
down  under  the  name  of  the  Jacobs  Staff* 


!*vr 


CHAP 


i .  To  fini  an  Angle  by  the  Tangent  on  the  S taff, \ 

LEt  the  middle  fight  be  always  fet  to  the  middle  of  the  Crofs,  rio¬ 
ted  with  20  and  30,  and  then  the  Crofs  drawn  nearer  the  eye, 

will  the  marks  may  be  feen  clofe  within  the  fights.  For  fo  if  the  eye 

'  at-? 


Theufe  $f  the  Tangent  Lititis* 


,  -  -  —  -  '  - 


;  1  \ 


CHAP.  III. 


The  *>[(  of  the  Tangent  Lines  in  taking  cf  Angles 
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at  A  ( that  end  of  the  Staff  which  is  noted  with  90  and  180  )  beholding 
the  mark  K  and  N  between  the  two  firft  fights,  C  and  B,  or  the 
marks  K  and  P  between  the  two  outward  fights,  the  Crofs  being  drawn 
down  unto  H,  fhal!  (land  at  50  and  60,  in  the  Tangent  on  the  Staff:  it 
iheweththc  Angle  K  AN  is  30  gr.  the  Angle  K  AP  60  gr.  the  one 
doubleto  the  other  3  which  is  trie  reafon  of  the  double  numbers  on 
this  Line  of  the  Staff:  and  this  way  will  ferve  for  any  Angle  from 
2© £r.  toward  90 gr,  or  from  40  gr.  toward  180  gr.  But  if  the  Angle 
beiefsthan  20  gr.  we  muft  then  make  ufeof  the  Tangent  upon  the 
Crofs. 


2,  To  find  an  Angle  by  the  Tangent  of  20  upon  the  Crefs . 


Set  20  unto  20,  that  is,  the  middle  fight  to  the  midftof  the  Crofs  at 
the  end  of  the  Staff,  noted  with  20,  fo  the  eye  at  A,  beholding  the 
marks  L  and  N,  clofc  between  the  two  firft  fights,  C  and  B,  fhall  fee 
them  in  an  Angle  of  20 gr. 

If  the  marks  fhall  be  nearer  together,  as  are  M  and  N,  then  draw 
in  the  Crofs  from  C  unto  E :  if  they  be  farther  afunder,  as  are  K  and 
N,  then  draw  out  the  Crofs  frotp  Cunto  F  $  fo  the  quantity  of  the 
Angle  fhall  ftill  be  found  in  the  Crofs  in  the  Tangent  of  20 gr.  at  the 
end  of  the  Staff :  and  this  will  ferve  for  any  Angle  from  20  towards 
3  5^- 


/ 


3*  To  find  ah  Angle  by  the  Tangent  of  g  0  upon  the  Crofr , 


This  Tangent  of  30  is  here  put  the  rather,  that  the  end  of  the  Staff 
reftingatthccye,  the  hand  may  morceafily  remove  the  Crofs :  foric 
fuppofech  the  Radius  to  be  n©  longer  than  A  H,  which  is  from  the  eye 
at  the  end  of  theStaff  unto  ^ogr.  about  22  inches  and  7  parts.  Where¬ 
fore  here  fet  the  middle  fight  unto  30^.  on  the  Staff,  and  then  cither 
draw  the  Crofs  in  or  our,  untill  the  marks  be  feen  between  the  two 
firft  fights ;  fo  the  quantity  of  the  Angle  will  be  found  in  the  Tangent 
of  30,  which  is  here  reprefenred  by  the  Line  G  H ;  and  this  will  ferve 
for  any  Angle  from  ogr.  toward  4 Sgr, 


4.  To  ob ferve  the  Altitude  of  the  Sun  backyard. 


Here  it  is  fk  to  have  an  horizontal  fight  fet  to  the  beginning  of  the 

Staff, 
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Staff,  and  then  may  you  turn  your  back  coward  the  Sun,  and  your 
Crofs  toward  your  eye,  If  the  Altitude  be  under  4$gr*  fee  the  middle 
fight  to  30  on  the  Staff,  and  look  by  the  middle  fight  through  the  Ho¬ 
rizontal  unto  the  Horizon,  moving  the  Crofs  upward  or  downward, 
untill  the  upper  fight  do  fhadow  the  upper  half  of  the  horizontal 
fight:  fo  the  Altitude  will  be  found  inthe  Tangent  of  30, 

If  the  Altitude  (ball  be  more  than  4J.gr.  fee  the  middle  fight  unto 
the  mid  ft  of  the  Crofs,  and  look  by  the  inwardedgeof  the  lower 
fight  through  the  Horizontal  cothe  Horizon,  moving  the  middle  light 
in  or  out,  untill  the  upper  fight  do  fhadow  the  upper  half  of  the  Ho¬ 
rizontal  fight :  fo  the  Altitude  will  be  found  in  the  degrees  on  the  Staff 
between  40  and  1  Bo. 

5*  Tofet  the  Staff  to  any  Angle  given* 

,  ......  ^ ...  ...  -  » 

•  -  •  '  *■" 

This  is  the  converfeof  the  former  Propofition:  For  if  the  middle 
fight  be  fee  to  his  place  and  deg  ree,  the  eye  looking  clofe  by  the  fights 
as  before,  cannot  but  fee  his  objeft  in  the  Angle  given. 

6*  To  obferve  the  Altitude  of  the  Sun  another  way* 

Set  the  middle  fight  to  the  middle  of  the  Crofs,  and  hold  the  Hori¬ 
zontal  fight  downward,  fo  as  the  Crofs  may  be  parallel  to  the  Hori- 
zon^thenisthe  Staff  Vertical;  and  if  the  outward  fights  of  the  Crofs 
do  fhadow  the  Horizontal  fight :  the  Complement  of  the  Altitude  will 
be  found  in  the  Tangent  on  the  Staff. 

7. 7 ‘0  obferve  an  Altitude  by  Thread  and  Plummet* 

* 

Let  the  middle  fight  be  fet  to  the  midft  of  the  Crofs,and  to  that  end 
of  the  Staff  which  is  noted  with  90  and  r  So  ;  then  having  a  Thread  and 
a  Plummet  at  the  beginning  of  the  Crofs,  and  turning  the  Crofs  up¬ 
ward,  and  the  Staff  towards  the  Sun,  the  Thread  will  fall  on  the  Com¬ 
plement  of  the  Altitude  above  the  Horizon.  And  this  may  be  applied 
to  other  purpofes. 

8.  To  apply  the  Lines  of  Inches  to  the  taking  of  Angles* 

If  the  Angles  be  obferved  between  the  two  firft  fights,  there  will 

■  '  E  e  be 
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be  fuch  proportion  between  the  parts  of  the  Staff  arid  the  pacts  of  the 
Crofs,  as  between  the  Radius  and  the  Tangent  of  the  Angle* 

As  if  the  parts  intercepted  on  the  Staff  were  20  inches,  the  parts  on 
the  Crofs  9  inches*  Then  by  proportion  as  20  unco  9,  fo  1  ©000  unto 
45000  the  Tangent  of  24  gr .  14  m> 

Bur  if  the  Angle  fhall  be  obferved  between  the  two  outward  fights, 
the  parts  being  20  and  9  as  before*  the  Angle  will  be  48^.  28  w. 
double  unto  the  former,  \ 

*  In  all  thefe  there  is  a  regard  to  be  had  to  the  Parallax  of  the  eye,and 
his  height  above  the  Horizon  in  observations  at  Sea  5  to  the  Semidia¬ 
meter  of  the  Sun, his  parallax  and  refraftion,as  in  the  ufe  of  other  ftaves. 
And  fo  this  will  be  as  much,  or  more  than  that  which  hath  been  here¬ 
tofore  performed  by  the  Crofs-Scaff. 


CHAP,  IV.  .  ;p 

The  ufe  of  the  Lines  of  equal  parts  joyned  with  the  Lines  of 

Chords # 

«w  ^  '  r  •* 

THe  Lines  of  equal  parts  do  ferve  alfo  for  protra&ion,  as  may  ap¬ 
pear  by  the  former  Diagrams,  but  being  joyned  with  the  Lines  of 
Chords,  which  I  place  upon  one  fide  of  the  Crofs,  they  will  farther 
ferve  for  the  protraction  and  refolution  of  right  Lined  Triangles; 
whereof  I  will  give  one  example  in  finding  of  a  diftance  at  twoftacions 
other  wife  than  in  the  Second  Chapter. 

Let  the  difiance  required  be  AB,  at  A  thefirft  ftation,  I  make 
choice  of  a  fiation  Line  cowardsC,and  obferve  the  Angle  B  A  C  by  the 
Tangent  Lines,  which  may  be  43  gr.  20  «?.  then  having  gone  an  hun¬ 
dred  paces  towards  C,  I  make  my  second  ftation  at  D,  where  fuppofe 
I  find  the  Angle  B  DC  to  be  58^.  or  the  Angle  BD  A  to  be  112 gr. 
this  being  done,  I  may  find  the  diftance  A  B  in  this  manner. 

1 .  I  draw  a  right  Line  A  C,  representing  the  ftation  Line, 

2.  I  take  1 00  out  of  the  Lines  of  equal  parts,  and  prick  them  down 
from  A  the  firft  ftation  unto  D  the  fecond. 

3.  I  open  my  Compaffcs  to  one  of  the  Chords  of  60  gr.  and  feceing 
ene  foot  in  the  point  A,  with  the  other  I  deferibe  an  occult  Arif  of  a 
Circle  interfering  the  ftation  Line  in  E, 

4.  I 
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an 


4.  I  take  out  of  the  fame  Line  of  Chords  a  Chord  of  43  a®  m' 
(  becaufe  fuch  was  the  Angle  at  the  firft  ftation )  and  this  I  inferibe  into 
that  occult  Ark  from  E  unto  F»  which  makes  the  Angle  FAD  equal 
to  the  Angle  obfervcd  at  the  firft  ftation. 


JO  O 


s.  I  defcribe  another  like  Ark  upon  the  Center  D,  and  inferibe  in¬ 
to  it  a  Chord  of  $i  p.  from  C  unto  G,  and  draw  the  right  Line  D  G, 
which  doth  meet  with  the  other  Line  A  F  in  the  Point  B,  and  makes 
the  Angle  B  DC  equal  to  the  Angle  obferved at  the  fecond  ftation. 
So  the  Angles  in  the  Diagram  being  equal  to  the  Angles  in  the  fie!  J, 
their  (ides  will  be  alio  proportional ;  and  therefore,  .... 

6.  I  take  out  the  Line  A  B  with  my  Compaffer,  and  meafuringitio 
the  fame  Line  of  equal  parts,  from  which  I  took  A  D,  2  find  it  to  be 
335,  aRd  fuch  is  the  diftancc  required* 


Ee  z 


CHAP* 
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CHAP.  -V. 

The  ufe  cf  the  Meridian  Line. 


*.T  He  Meridian  Line,  noted  with  the  letter  M,  may  ferve  for  the 
JL  more  eafie  divifion  of  the  plain  Sea-chart,  according  to  Mer¬ 
cators  Projection, For  if  you  (hall  draw  parallel  Meridians, each  decree 
being  halt  an  inch  diftant  from  other,  the  degree  of  this  Meridian 
Line  on  the  Staff  fhall  give  the  like  degrees  for  the  Meridians  on  the 
Chart,  from  the  Equmoaial  toward  the  Pole:  and  then  if  through 
thefe  degrees  you  draw  ftraight  Lines  Perpendicular  to  the  Meridians, 
they  fhall  be  Parallels  of  Latitude;  * 

If  any  delire  to  have  the  degrees  of  his  Chart  larger  than  thofe 
which  I  have  put  on  the  Staff,  he  may  take  thefe  and  increafe  them  in  a 
double,  or  treble,  or  a  decupleproportionat  hispleafure. 
a.  This  Meridian  Lire  being  joyned  with  the  Line  of  Chords,  mav 

ferve  tor  the  protraction  and  refolution  of  fuch  right  Line  Triangle* 
as  concern  Latitude,  Longitude,  Rutnb  and  Diftance  in  the  prance  of 
Navigation.  As  may  appear  by  this  example. 

Sappofe  two  places  given,  A  in  the  Latitude  of  so  ,r.  D  in  the  La- 
titudeol  jzgr  |,  the  difference  of  Longitude  between  them  being 
6ir-  »nd  let  it  be  required  co  know,  firft,  what  Rumb  leadcth  from 

the  one  place  to  the  other;  fecondly,  how  many  degrees  diftant  they 

are  afunder.  3 

i  I  draw  a  right  Line  A  E,  reprefenting  the  Parallel  of  the  place 

from  whence  I  depart.  ^ 

2.  I  take  6gr.  for  the  difference  of  Longitude,  either  out  of  the 
Lmeof  Inches,  a  llowing  half  an  inch  for  every  degree,  or  out  of  the 
beginning  of  the  Meridian  Line;  (for  there  thq.Mer.dian  degrees  dif- 

rrr;&;Sz°„aE“' <lt8r"0  “d  *** 

jf£S£5 reprefcming 
4*  I  false  the  difference  of  the  Latitude  from  to  figr,  sow 

out 
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out  of  the  Meridian  Line,  and  prick  it  down  in  the  Meridians  from  A 
untoM,  and  from  E  to  D,  and  draw  the  right  Line  M  D  for  the  Pa¬ 
rallel  of  the  fecond  place,  and  the  right  Line  A  D  for  the  Line  ofdi- 
ftanee  between  both  places  t  fo  the  Angle  MAD  (hall  give  theRumb 
that  leadeth  from  the  one  place  to  the  other. 


s.To  find  the  duantities  of  this  Angle  M  AD, I  may  either  make  ufe 
of  the  Protra£Vor,or  elfeof  a  Line  of  Chords, and  folopenmy  Com- 
paffes  unto  one  of  the  Chords  o£  6ogr.  and  letting  one  foot  in  the 
Point  A,  with  the  other  I  dcfcribe  an  occult  Ark  of  a  Circle,  inter- 
feftirg  the  Meridian  ip  F,  and  the  Line  of  diftance  in  G  ;  then  1  ta  e 
the  Chord  of  F  G  with  my  Compaffes,  and  meafuring  it  in  the  lame 
Line  of  Chords  as  before,  I  find  it  %6gr  and  fuch  is  the  Inclinatt- 
tion  of  the  Rumb  to  the  Meridian,  which  is  the  firft  thing  that  was  re- 
quircd.4 


6  Ta 


•  \ 


W4  Theufe  of  the  Meridian  Line. 

\  tf.  To  find  the  quantity  of  the  Line  of  diftance  AD,  I  take  it  out 
with  my  Compares,  and  meafuring  it  in  the  Meridian  Line,  fetting  one 
foot  beneath  the  leffer  Latitude, and  the  other  foot  as  much  above  the 
greater  Latitude,  I  find  about  4gr.  \  intercepted  between  both  feet : 
and  fuch  is  the  diftance  upon  the  Rumb,  which  is  the  fecond  thing  that 
was  required,  -  * 

Bui  if  this  example  were  protrafted  according  to  the  common 
Sea-Chart,  where  the  degrees  of  the  Equinoftial  and  Meridi¬ 
an  are  both  alike  j  the  Rumb  MAD  would  be  found  to  be 
above  6j gr.  23  m.  and  AD  the  diftance  upon  the  Rumb  about 
Ggr.2' 

,  Suppofe  farther,  that  having  fet  forth  from  A  toward  D,  upon 
me  former  Rumb  of  yd  gr.  1  y  m.  N  E  b  E,  after  the  Ship  had 
run  35  Leagues,  the  wind  changing,  it  ran  50  Leagues  mare  upon  the 
feventh  Rumb  of  E£N,  whofe  inclination  to  the  Meridian  is  78  gr. 
4y  w.  And  let  it  be  required  to  know  what  Longitude  and  Lati- 
tude  the  Ship  is  in,  by  pricking  down  the  way  thereof  upon  the 

Havind  drawn  a  blank  Chart  as  before, with  Meridians  and  Parallel, 
according  to  the  Latitude  of  the  places  propofed. 

v,  £* ,lwou'd  °?akean  An§Ie  M  A  D  of  56 gr.  15  m.  for  the  Rumb  of 
N  fc  £■  fc,  which  is  done  after  this  manner  j  I  open  my  Compaffes  to 
one  of  the  Chords  of  60 gr.  and  fetting  one  foot  in  the  Point  A, with 
the  other  I  deferibeao  occult  Ark  of  a  Circle,  interfering  the  Meri¬ 
dian  inFs  then  I  take  yd  gr.  15  m.  out  of  the  fame  Line  of  Chords, 

and  prick  them  down  from  F  unto  G .  fo  the  right  Line  A  G  fhall  be 
the  Rumb  of  NEiE. 

2.  I  would  take  3d  Leagues  out  of  the  Meridian  Line,  extending 
my  Companies  from  yo^r.  toy  1,4  %m.  or  rather  from  as  much  be* 
low  50  as  above  5 1,  and  prick  them  down  upon  the  Rumb  from  A  un¬ 
to  I  j  fo  the  Point  I  fkafl  reprefent  the  place  wherein  the  Ship  was 
when  the  wind  changed.  And  this  is  in  the  Latitude  of  5 1  gr.  o  m. 

and  in  the.Longitude  of  2  gr.  21  m.  Eaftward  from  the  Meridian 
AM,  . 

3*  By  the  fame  reafon,  I  may  draw  the  right  Line  IK  for  the  Rumb 
of  Eb  N,  and  prickdownthe  diftance  of  yo  Leagues  from  I  uncoK  • 
m  thePoint  K  ftiail  reprelent  the  place  whither  the  Ship  came,  after 
the  running  of  thefe  5  o  Leagues :  and  this  is  in  the  Latitude  of  yi gr.' 
30  w,  and  in  Longitude  6gr,  1 6  m.  Eaftward  from  the  firft  Meri¬ 
dian 
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dian  AM  5  and  therefore  16m.  Eailward  from  she  fecond  Meridian 

ED  » 

Bat  if  thefe  two  courfes  were  to  be  pricked  down  by  the  com¬ 
mon  Sea-Chart,  the  Point  I  would  fall  in  the  Latitude  of  gr. om. 
and  the  Point  K  *n  Latitude  of  §  igr.^o  m.  But  the  Longitude 
of  I  would  be  only  i  gr .  30  m.  and  the  Longitude  of  K  only 
„  <7  w.  tnoret  both  thefe  do  make  but  5  gr.  27  m>  for  the 

difference  of  Longitude  between  the  firft  Meridian  A  M,  and  the 
Point  K:  whereby  it  Ihould  feem  that  the  Point  K  is  yet  33  m. 
Weftward  from  the  Meridian  of  the  place  to  whrch  the  Ship  was 

b°Such  is  the  difference  between  both  thefe  Charts;* 
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'TpHe  Line  of  Numbers  here  noted  with  1,2,354, 
4*  X  unco  10,  is  compleat  in  thoJe  divifions  which 
±  are  between  1  and  10 :  the  other  like  divifions  at 
J  the  beginning  of  the  Line  do  ferve  rather  to  an- 
g  fwer  to  the  firft  degrees  of  the  two  other  Lines  of 
Sines  and  Tangents,  than  for  any  neccftity,  which 
/  is  the  caufe  why  fome  of  them  are  omitted.  And 
here,  as  in  the  ufe  of  other  Scales,  the  figures 
'■  ®  1,  2, 3 ,4, that  are  fet  down  upon  the  Line,  do  fome- 

times  fignifie  themfelves  alone,  fometimes  10,20, 
3  30, 40,  fometimes  100, 200,  300, 400,  and  fofor- 
.  2Q  ward,  as  the  matter  fhal!  require.  The  firft  figure 
of  every  Number  is  always  that  which  is  here  fee 
11  down,  the  reft  muft  be  fuppiied  according  to  the 
nature  of  the  queftion. 


1.  Having  two  Numbers  given,  to  find  a  third  in  con* 
3  timid  proportion,#  fourth,  a  fifth,  and  fo  forward* 


^  unto  the  fecond 3  then  may  you  turn  them  from  the 
fecond  to  the  third,  and  from  the  third  to  the 
1 6  fourth,  and  fo  forward. 

Let  the  two  numbers  given  be  2  and  4,  extend 
• -7  the  Compaffes  from  2  to  4,  then  may  you  turn 
them  from  4  to  8,  and  from  8  to  1 6,  and  from  16 
8  to  32,  aid  from  3 1  to  64,  and  from  64  to  1 28. 

Or  if  one  foot  of  the  Compaffes  being  fet  to  64, 
the  other  fail  out  of  the  Line,  you  may  fet  it  to 
another  6 4  nearer  the  beginning  of  the  Line, 
and  there  the  other  foot  will  reach  to  128,  and' 
from  128  you  may  turn  them  to  256,  and  fo  for¬ 
ward. 
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Or  if  the  two  firft  Numbers  given  were  io  and  9  :  extend  the  Com- 
jpaffes  frow  10  at  the  end  of:  the  Line,  back  unto  9,  then  may  you  turn 
them  from  9  unto  8,  i>  and  from  8, 1,  unto  7,29.  And  fo  if  the  two 
lirft  Numbers  given  were  1  and  9,  the  third  would  be  found  to  be 
Siy  the  fourth  729,  with  the  fame  extent  of  the  Compares. 

1  Jn  the  fame  manner,  if  the  two  firft  Numbers  were  10  and  12,  3fou. 
bay  find  the  third  proportional  to  be  14,4*  the  fourth  17,28.  And 
ivith  the  fame  extent  of  the  Compafles,  if  the  two  firft  Numbers  were 
1  and  12,  the  third  would  be  found  to  be  144,  and  the  fourth  to  be 

728. 

!  2.  Having  two  extreme  Numbers  glveny  to  find  a  mean  proportional 
between  them . 

!  Divide  the  fpace  between  the  extreme  Numbers  into  two  equal 
)arts,  and  the  foot  of  the  Compafles  will  ftay  at  the  mean  propor- 
lional.  So  the  extreme  Numbers  given  being  8  and  *2,  the  mean  be- 
ween  them  will  be  found  to  be  i6>  which  may  be  proved  by  the 
former  Propolition>  where  it  was  (hewed,  that  as  8  to  16 y  foarex<5 
0  32. 


3#  To  find  the  J quart  Root  of  any  Number  given. 

The  fquare  Root  is  always  the  mean  proportionll  between  1  and 
be  number  given,  and  therefore  to  be  found  bv  dividing  the  fpace  be- 
ween  them  into  two  equal  parts;  So  the  Root  of  9  is  3,  and  the 
loot  of  81  is  9,  and  the  Root  of  144  is  12,  and  the  Root  of  1440 
Imoft  38. 

If  you  fuppofc  Pricks  under  the  Number  given,  ( as  in  Arithmetical 
xtra&ion)  and  the  Iaft  Prick  to  the  left  hand  fhall  fall  under  the  Iaft 
gurc,  which  will  be  asoft  as  there  be  odd  figures,  the  unity  will  be 
eft  placed  at  1  in  the  middle  of  the  Line :  fo  the  Root  and  the  Square 
dll  both  fall  forward  toward  the  end  of  the  Line.  But  if  the  Iaft 
'rick  (hall  fall  under  the  Iaft  figure  but  one,  which  will  be  as  oft  as 
icrc  be  even  figures,  then  the  unity  may  be  placed  at  x  in  the  beam¬ 
ing  of  the  Line,  and  the  Square  in  thefecond  length,  or  rather  the 
nity  may  be  placed  at  10  in  the  end  of  the  Line  of  the  Root,  and  the 
quarc  will  both  fall  backward  toward  themiidleof  the  Line,  in  the 
:cond  length, 

Ff  4  .Having 
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4,  Having  t'Oeo  extreme  Numbers  given^  to  find  two  mean  Proportionals 
between  them ,  > 

Divide  the  fpace  between  the  two  extreme  Numbers  given  into 
three  equal  parts.  As  if  the  extreme  Numbers  g-iven  were  Band  27, di¬ 
vide  the  fpace  between  them  into  three  equal  parts,  the  feet  of  the 
Compafft swill  fiand  in  12  and  18. 

5.  To  find  the  Cubic  Root  of  a  Number  given. 

The  Cubic  Root  is  always  the  firft  of  two  mean  Proportionals 
between  1  and  the  Number  given,  and  therefore  to  be  found  by  divi¬ 
ding  the  fpace  between  them  into  three  equal  parts. 

So  the  Root  of  1728  will  be  found  to  be  12.  TheRootof  172801$ 
almoft  26  :  and  the  Root  of  172800  is  almoll  56. 

If  you  fuppofe  a  Prick  under  the  Number  given  after  the  manner  of 
Arithmetical  cxtra&ion,  and  the  lall  Prick  to  the  left  hand  fliall  fall 
under  the  laft  figure,  as  it  doth  in  1728,  the  unite  will  be  bell  placed 
at  1  in  the  middle  of  the  Line,  and  the  Root,  the  Square>and  the  Cube, 
will  all  fall  forward  toward  the  end  of  the  Line. 

If  the  laft  Prick  fhall  fall  under  the  laft  figure  but  one,  as  in  17280, 
the  unite  may  be  placed  at  1  in  the  beginning  of  the  Line,  and  the 
Cube  in  the  fecond  length,,  or  the  unite  may  be  placed  at  1  o  in  the  end 
end  of  the  Lire:  and  the  Cube  in  thefirft  length*  or  if  the  Cube 
fall  •uc  of  the  Line,  you  may  help  your  feif,  as  in  the  firft  Propo¬ 
sition. 

But  if  the  laft  Prick  fhall  fall  under  the  lad  figure  but  two,  as  v 
172800,  then  place  the  unite  always  atioin  the  end  of  theLine:  fc 
the  Root,  the  Square,  and  the  Cube,  will  all  fall  backward,  andbt 
found  in  the  fecond  Length  between  the  middle  and  end  of  th< 
Line* 

6.  To  multiply  one  number  ly  another . 

Extend  the  Compares  from  1  to  the  Muiiiplicator  y  the  fametx- 
tent  applied  the  fame  way?  fhall  reach  from  the  Multiplicand  to  eh< 

Product.  f  .  , 

As  if  the  Nwmben  to  be  multiplied  were  25  and  3  ©  *  cither  extern 

th< 


«  - 


The  nfi  of  the  Line  of  Numbers  S  zip 

:he  Compaffes  frota  i  to  2  ?,  and  the  fame  extent  will  give  the  diftance 
from  30  10750;  or  extend  them  from  1  to  30,  and  the  fame  extent 
Ml  reach  from  25  to  750. 

7.  To  divide  one  Number  by  another. 

Extend  theCompaffes  from  the  Divifor  to  1,  the  fame  extent  ihalf 
ireach  from  the  Dividend  to  the  Quotient. 

So  if  750  were  to  be  divided  by  25,  the  Quotient  would  be  round 

.0  be  3  a 

g.  Three  Numbers  being  given ,  to  find  a  fourth  Proportional, 

This  golden  Rule,  the  moft  ufeful  of  all  others,  h  performed  with 
like  cafe.  For  extend  the  Compares  from  the  firft  Number  to  the  fe- 
:ond,  the  fame  extent  fhali  give  the  diftance  from  the  third  to  the 

:ourth.  .  ,  f 

As  for  example,  the  proportion  between  the  Diameter  and  the 

Circumference,  isfaidtobefucbas7to22:  if  the  Diameter  bei4-‘ 
bow  much  is  the  Circumference?  Extend  theCompaffes  from  7 to 
22,  the  fame  extent  lhall  give  the  diftance  from  14  to  44*  or  extend 
:hem  from  7  to  1 4,  and  the  fame  extent  fhali  reach  from  2  2  to  44* 

Either  of  thefe  ways  may  be  tried  on  fevcral  places  of  this  Line ; 
but  that  place  is  beft,  where  the  feet  of  the  Compaffes  may  ftand 
neared  together. 

9.  Three  Numbers  being  given,  to  find  a  fourth  in  a  duplicated  proportion*  ]  , 

|  If  any  have  daily  ufe  of  this  Vropofitiony  he  may  caufe  another  Line  of 
Numbers  to  be  made. 

This  Propofuion  concerns  queftions  of  proportion  between  Lines 
ind  Superficies ;  where  if  the  denomination  be  of  Lines,  extend  the 
bompaffes  from  the  firft  to  the  fecond  Number  of  the  fame  denomi¬ 
nation  :  fo  the  fame  extent  being  doubled,  fhali  give  the  diftance  from 
;:he  third  Number  unro  the  fourth.  .  „ 

The  Diameter  being  14,  the  content  of  the  Circle  is  154  sthe  Dia» 
imeter  being  28,  what  may  the  content  be?  Extend  theCompaffes 
xom  1 4  to  28,  the  fame  extent  doubled  will  reach  from  1 54  to  616. 

T  F  f  2  For 


220  Theufe  of  the  Lint  of  Number  si 

For  firft,  it  reached  from  1 54  unto  308  3  and  turning  the  GompafFes 
©nee  more  :  itreacheth  from  308,  unto  61 6  ;  and  this  is  the  content 
required. 

But  if  the  fir  ft  denomination  be  of  the  fuperficial  content,  extend 
the  Compares  unto  the  half  of  the  diftance,  between  the  firft  Num¬ 
ber  and  the  fecond  of  the  fame  denomination :  fotbe  fame  extent  fhall 
give  the  diftance  from  the  third  to  the  fourth. 

The  content  of  a  Circle  being  154,  the  Diameter  is  14  :  the  con¬ 
tent  being  616,  what  may  the  Diameter  be  }  Divide  the  diftance  be¬ 
tween  154,  and  616  into  two  equal  parts,  then  fee  one  foot  in  14,  the, 
other  will  reach  to  28,  the  Diameter  required. 

lo.  Three  Numbers  being  given,  to  find  a  fourth  in  a  triplicated  proportion* 

This  Propofition  concerned  queftions  of  proportion  between  Lines 
and  Solids  5  where  if  the  fir  It  denomination  be  of  Lines,  extend  the 
Compaffes  from  the  firft  Number  to  the  fecond  of  the  fame  denomina¬ 
tion  :  fo  the  extent  being  tripled,  fhall  give  the  diftance  from  the  third 
Number  unto  the  fourth, 

Suppofe  the  Diameter  of  an  Iron  Bullet  being  4  inches,  the  weight 
of  it  was  9  /.  the  Diameter  being  8  inches,  what  may  the  weight  be  > 
Extend  the  Compaffes  from  4  to  8,  the  fame  extent  being  tripled, 
will  reach  from  9 unto  7 2.  For  firft,  itreacheth  from  9  unto  18  ;  then 
from  1 8  unto  36  j  thirdly,  from  36  unto  72.  And  this  is  the  weight 
required. 

But  if  the  firft  Denomination  fhall  be  of  the  Solid  content,  or  of 
the  weight,,  extend  the  Compaffes  to  a  third  part  of  the  diftance  be¬ 
tween  the  fir  ft  Number  and  the  fecond  of  the  fame  Denomination ;  fo 
the  fame  extent  fhall  give  the  diftance  from  the  third  Number  unto 
the  fourth. 

Theweightof  aCubebeing72  /.  the  fide  of  it  was8  inches:  the 
weight  being  9  /.  what  may  the  fide  be  ?  Divide  the  diftance  between 
72  and  9,  into  three  equal  parts  ^then  fet  one  foot  to  8,  the  other  will 
reach  to  4,  the  fide  required 
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The  ufe  of  the  Line  sf 'Artificial  Sines*  , 

THis  Line  of  Sines  hath  fuch  ufe  in  finding  a  fourth  Proportional, 
as  the  ordiiary  Canon  of  Sines;  and  the  manner  of  finding  it in* 
always  fuch,  as  in  this  example* 

'  X  > 

As  the  Sine  of  9© gr. 

untotheSine  of  %ogr*  . 

SotheSineof  2 ogr* 
unto  a  fourth  Sine. 

1  ; 

Extend  the  Compares  from  the  Sine  of  90£r.unto  the  Sine  of  30  gr. 
the  fame  extent  will  reach  from  the  Sine  of  20 ^r.  unto  theSineof 
9gr.  50  m. 

Or  you  may  extend  them  from  the  Sine  of  90  gr.  unto  the  Sine  of 
20  gr.  the  fame  extent  will  reach  from  theSineof  30  gr.  unto  the 
Sine  of  9gr.  50  *#.and  fuch  is  the  fourth  proportional  fine  required. 

In  like  raannerif  thequeftion  propofed  were* 

As  the  Sine  of  3 ogr. 

unto  the  Sine  of  52  grt 
So  theSineof  38 gr. 
to  a  fourth  Sine. 

Extend  the  Compares  in  the  Line  of  Sines  from  30 gr.  unto  $  tgn 
the  fame  extent  (hall  give  the  diftance  from  38^.  unco  7 6  gr.  Or,  ex¬ 
tend  them  from  30 gr.  unto  sS-.gr.  the  fame  extent  will  reach  from 
ya^r.  unto  76 gr,  which  is  the  fourth  proportional  Sine  required. 

And  thus  may  the  reft  of  all  Sinicai  proportions  be  wrought  two 
ways,  The  minutes  which  are  wanting  inthefirft  degree  of  the  Sine* 
may  be  fupplied  by  the  Line  of  Numbers,  as  I  (hew  in  the  next 
Chapter.  '  ' 
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The  ufe  of  the  Line  of  Artificial  Tangents. 

THis  Line  of  Tangents  hath  like  ufe,  but  commonly  joyned  with 
the  Line  of  Sinei:  the  manner  of  working  by  ir,  may  appear  by 
this  example: 

As  she  Tangent  of  38^.3 om, 
is  the  Tangent  of  23  30  w. 

So  is  the  Sine  of  90  gr. 
to  a  fourth  Sine. 

ThisPropofition,  and  fuch  others  upon  two  Lines,  may  be  wrought 
two  ways.  For  extend  the  Compares  from  the  Tangent  of  38^.30  m. 
the  Tangent  of  z%gr.  30^.  the  fame  extent  fhall  give  the  difhnce 
from  the  Sine  of  90 gr.  to  the  Sine  of  33  gr.  8  m.  Or  elfe  extend  them 
from  38^.  30  m.  in  the  Tangents  unto  90 in  the  Line  of  Sines; 
the  fame  extent  from  theTangentof  2  igr.  300?.  fliail  reach  tothe 
Sine  of  3  $gr.8  m.  which  is  the  fourth  proportional  Sine  required. 

And  this  Crofs  work  in  many  cafes  is  the  better, in  regard  the  Tan¬ 
gents  which  fhould  pafson  from  40gr.  to  $0 gr.  and  fo  forward,  do  turn 
back  at  45  gr.  Thefe  two  Lines  of  Sines  and  Tangents,  mayfervefor 
thcrefoiutionof  all  Spherical  Triangles,  according  to  thofe  Canons 
which  I  have  fet  down  in  the  ufe  of  the  Settor.  Only  two  cafes  the 
19  and  20  will  be  more  eafily  refolved  by  that  which  followeth  in. the 
iaft  Chapter  of  this  book. 

Or  if  at  any  time  one  meet  with  a  Secant,  Let  him  account  the  Sine 
of  80  gr.  foraSecantof  io^r.  and  the  Sine  of  yogr.  for  aSecantof 
20 gr.  and  fo  take  the  Sine  of  the  Complement  inltcad  of  the  Secant, 

As  if  the  Propofition  were, 

As  the  Radius 

to  the  Secant  of  5  i^r.  30  m. 

So  the  Sine  of  2 %gr.  30  m. 
to  a  fourth  Sine. 


Extend 
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Extend  the  Compares  from  the  Radius  that  is  the  Sine  of  90  gr.  to 
the  Sine  of  38  gr.  30  m.  the  fame  extent  will  give  the  diftance  from 
the  Sine  of  23  gr.  3  0  m.  both  to  the  Sine  of  i^gr.iz  m  to  the  Sine  of 
39 gr.  50  m.  But  in  this  cafe,  the  Sine  of  I9gr»  5°rn.\%  the  fourth 
required.  For  the  firft  number  being  lefs  than  the  fecond,  that  is,  the 
Rgdiuslefsthanche  Secant, the  Sine  of  23  gr.  30  m.  which  is  the  third, 
muff  alfo  be  lefs  than  the  fourth. 

If  the  fourth  proportional  number  fliall  at  any  time  fall  out  of  the 
Line,  byreafonof  the  minutes  that  are  wanting  in  the  firft  degree,  it 
may  be  fupplied  by  refolving  the  third  Number  given  into  minutes^ 
and  then  working  by  the  Line  of  Numbers. 

As  if  the  Propofition  were, 

AscheSineof  90 gr.  ,  i 

totheSincof  10  gr.  ~ 

So  the  Sine  of  5:  gr. 
to  a  fourth  Sine. 

Or  the  Tangent  of  fgr. 
to  a  fourth  Tangent. 

Extend  the  Ccmpafles  from  the  Sine  of  90  gr.  unto  the  Sine  of 
10 gr.  the  fameextent  will  reach  from  the  Sine  or  Tangent  of  5 gr. 
beyond  the  end  of  the  Staff.  Wherefore  I  refolve  thefe  5  gr.  into 
loom,  and  find  the  former  extent  to  reach  in  the  Line  of  Numbers 
from  300  m.  unto  52  m.  and  fuch  is  the  fourth  proportional  re¬ 
quired. 

If  the  extent  from  the  Sine  of  90 grt  unto  the  Sine  of  10 gr.  be  too 
large  for  the  Compares,  we  may  ufe  the  Sine  of  5  gr .  44 m.  inffead  of 
the  Sine  of  90  gr. 

And  fo  extending  the  Compares  from  the  Sine  of  5  gr.  44  m.  unto 
the  Sine  of  1 0  gr.  we  Eiall  find  the  fame  extent  to  reach  in  the  Line  of 
Numbers  from  300  unto  5  2  as  before. 

And  by  the  fame  reafon  we  may  ufe  the  Tangent  of  $gr.  43  m.  in- 
Read  of  the  Tangent  of  45^.  as  I  further  (hew  in  the  next  Chapter. 
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The  ufe  of  the  Line  of  Sines  and  Tangents  joyned  with  the  Line 

of  Numbers, 

THc  Lines  of  Sines  and  Tangents  have  another  like  ufe  joyned  with 
the  Line  of  Numbers,  efpecially  in  the  refolution  of  right  Lined 
Triangles,  where  the  Angies  are  meafured  by  degrees  and  minutes, and 
the  Tides  meafured  by  abfolutc  Numbers, whereof,  I  will  fet  down  thefe 
Pf  opoficions. 

i .  Having  three  Angles  and  one  fide ,  to  find  the  tm  other  fidet .• 

If  it  be  a  Redangle  Triangle,  wherein  one  fide  about  the  tight  An¬ 
gle  being  known,  it  we  re  required  to  find  the  other.  This  may  be 
*  found  by  the  Line  of  Tangents,  and  Line  of  Numbers,  For, 

As  the  Tangent  of  4?  gr . 

To  the  Tangent  of  the  Angle  oppofite  to  the  fide  required  ; 

So  the  Number  belonging  to  the  fide  given, 

To  the  Number  belonging  to  the  fide  required. 

As  in  the  Re&anglc 
ABC,  knowing  the  An¬ 
gle  C  A  B  to  be  9  gr, 
15  w.  and  the  fide  A  B  to 
he  135  parts,  if  it  were  required  to  find  the  other  fide  B  C  about  the 
right  Angle, 

Extend  the  Compares  from  the  Tangent  of  4  <>gr.  unto  the  Tangent 
of  9&.  15  iw,  the  fame  extent  will  reach  in  the  Line  of  Numbers, 
from  135  unto  22,  and  fuch  is  the  length  of  the  fide  B  C.  Or  in  the 
crof*  work,  extend  the  Compares  from  the  Tangent  of45£r.  unth  13  $ 
in  the  Line  of  Numbers,  the  fame  extent  will  reach  from  the  Tangent 
of  9  gr,  1 5  m.  unto  22  in  the  Line  of  Numbers. 

-  If  this  extent  from  the  Tangent  of  4 ^  gr.  to  9  gr.  15  w.  or,  135 
parts,  be  too  large  for  the  Compares,  you  may  ufe  the  Tangent  of  5  gr. 
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43  m,  inftead  of  the  Tangent  of  45  gr,  becaufe  both  alike  anfwer  co 
io,  &c.  parts  in  the  Line  of  Numbers. 

And  then  either  extend  the  Cempafs  from  $  gr,  43  m,  unto  9  gr, 
15  m  in  the  Line  of  Tangents,  the  fame  extent  will  reach  from  1 1$ 
unto  22  in  the  Line  of  Numbers  :  or  elfe  extend  them  from  the  Tan- 
1  gent  of  5  gr.  43  m,  unto  135  in  the  Line  of  Numbers,  the  fame  extent 
ifvillreachfromche  Tangent  ofp^r,  1 5  w, unto  22  in  the  Line  of  Num¬ 
bers,  as  before. 

In  like  manner,  in  the  fame  Re&angle  ABC,  knowing  the  Angle 
ACBcobe  80^.45^.  and  the  fide  BC  to  be 2 2  parts,  it  were  re¬ 
quired  to  find  the  other  fide  B  A.  You  may  ufc  the  Tangent  of  84 gr, 
ijm*  inftead  of  the  Tangent  of  45  gr.  and  fo  the  fide  B  A  will  be 
found  to  be  1  ?  $  parrs. 

Thisholdeth  for  finding  of  the  fides  of  Rectangle  Triangles,  bnt 
generally  in  all  Triangles,  whether  they  berightorebtufe  Angies,  ha¬ 
ring  three  Anglcs-and  one  fide,  we  may  find  the  two  other  fides  by  the 
Line  of  Sines  and  Line  of  Numbers. 


As  the  Sine  of  an  Angle  oppofite  to  the  fide  given, 
is  to  the  Nu  tnber  belonging  to  that  fide  given  ; 

So  the  Sine  of  the  Angle  oppofite  to  the  fide  required, 
to  the  Number  belonging  to  the  fide  required. I * *  4 

I  As  in  the  example  of  the  fourth  Chapter  of  this  Book,  where 
mowing  the  diftance  between  twoftations  at  A  and  D  to  be  100  paces, 
he  Angle  BA  C  to  be  43  gr.  20  m,  and  the  Angie  BD  C  to  be  58^. 

•c  was  required  to  find  the  diftance  A  B. 

Firft,  having  thefetwo  Angles,  I  may  find  the  third  Angle  A  B  D  to 
e  14^.40  w. either  by  fubftra&ionor  byComplement  unto  iSo.Then  * 
h  the  Triangle  B  A  D,  I  have  three  Angles,  and  one  fide,  whereby  I 
|nay  find  both  A  B  and  D  B. 

I  know  the  Angle  ABDoppofice  to  the  meafured  fide  AD,  to  be 

4  gr,  40  m.  and  the  Angle  A  D  B  oppofite  to  the  fide  required,  to  be 
2igr.  wherefore  I  extend  the  Compares  in  the  Line  of  Sines,  from 
4£r.  40  unto  T22gr,or  (which  is  all  one)  to  58^.  (for  after 
ogr,  the  Sine  of  8o^r.is  alfo  the  Sine  of  1  oojp*.  and  the  Sine  of  70  gr, 
ic  Sine  of  1 1  o  gr,  and  fo  in  the  reft  )  (o  fball  I  find  the  fame  extent  co 
icach  in  the  Line  of  Numbers,  from  100  unto  335.  And  fuch  is  the  di- 
ance  required  between  A  and  B. 
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In  like  manner  I  extend  my  Compares  from  the  Sine  of  14.fr. 
40  m*  to  the  Sine  43  £r.  20  m.  the  fame  extent  will  reach  in  the  Line, 
of  Numbers  from  10010271.  And  fuch  is  the  diftance  between  D 

and  r 


Or  in  crofs  work,  I  may  extend  the  Compares  from  14  gr .  40*0, 
fnthe  Sines,  unto  100  parts  in  the  Line  of  Numbers,  fo  thefameex- 
tent  will  give  the  difiance  from 58 gr,  to  335  parts,  and  from  4 igr* 
20  m  to  27 1.  parts. 

2,  Having  two  fides  given ,  and  one  Angle  oppofite  to  either  of  thefe  fdtsy, 
to  find  the  other  two  Angles  and  the  third  fide 0, 

As  the  fide  oppofite  to  the  Angle  given, . 

•  is  to  the  Sine  of  the  Angle  given : 

So  the  other  fide  given,  - 

to  the  Sine  of  that  Angle  to  which  it  is  oppofite. 

So  in  the  former  Triangle,  having  the  two  Tides,  A  B  3  3  5  paces, and 
A  Dieopaces,  and  knowing  the  Angle  A  D  B,  which  is  oppolite  ta 
the  fide  A  B>  to  12 zgr.  I  may  find  the  Angle  A  BD, which  is  oppofite 

to 
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to  the  other  fide  A  D.  For  if  I  extend  the  Compares  from  335  unco 
100  inthe  Line  of  Numbers,  Ifhall  find  the  fameextent  to  reach  in 
the  Line  of  Sines  from  1 22  gr.  to  14 gr.  40  w.and  therefore  fuch  is  the 
Angle  A  B  D. 

Then  knowing  thefe  two  Angles  A  BD  and  ADB,  I  may  .find  the 
third  Angle  BAD  either  by  fubtra&ion  or  by  Complement  to  1 80,  to 
be43£r.  2ow.  and  having  three  Angles  and  two  Tides,  I  may  well 
find  the  third  fide  D  B,  by  the  former  Propofition. 

This  may  be  done  more  readily  by  crofs  work.  For  if  I  extend  the 
Compares  from  335  parts,  inthe  Line  of  Numbers)  to  the  Sine  of 
122 gr.  the  fame  extent  will  reach  from  100  parts  to  the  Sine  of  14 gr. 
4 6  m.  and  back  from  43  gr.  10  m.  to  271  parts  3  and  fuch  is  the  third 
fide  DE. 

3.  Having  two  fides  and  the  /ingle  between  them ,  to  find  the  two  other 
Angles  and  the  third  fide • 

If  the  Angle  contained  between  the  two  Tides  be  a  right  Angle,  the 
other  two  Angles  will  be  found  readily  by  this  Canon. 

% 

As  the  greater  fide  given, 
is  to  the  lefier  fide : 

So  the  Tangent  of  45  gr. 

to  the  Tangent  of  the  lefier  Angle. 

So  in  the  Rc&angle  triangle,  A I B,  knowing  the  fide  A I  to  be  244, 
and  the  fide  I  B  230  :  if  I  extend  the  Compaffes  from  244  to  230  in 
the  Line  of  Numbers)  the  fame  extent  will  reach  from  45  gr.  to  about 
43£r.  20  *0.  in  the  Line  of  Tangents;  and  fuch  is  the  lefier  Angle 
BA  I,  and  the  Complement  4 6  gr.  40  m.  fhews  the  greater  Angte 
A  B I.  The  Angles  being  known,  the  third  fide  A  B  may  be  found  by 
the  firft  Propofition. 

Solikewife  in  the  example  of  the  third  Chapter  of  thPs  Book,  con¬ 
cerning  taking  of  Angles  by  the  Line  of  Inches,  where  the  parts  in¬ 
tercepted  on  the  Staff  being  20  Inches,  and  the  parts  on  the  Crofs  9 
Inches,  it  was  required  to  find  the  Angle  of  the  Altitude.  For, 

I  may  extend  the  Compaffes  in  the  Line  of  Numbers,  from  20  un¬ 
to  9,  the  fame  extent  will  reach  in  the  Line  of  Tangents  from  4y  gr  .to 

24£r,I4w* 
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Or  in  crofs  work,, 

I  may  extend  the  CompafTes  from  20  parts  in  the  Line  of  Numbers, 
to  ihe  Tangent  of  45 gr.  die  fame  extent  fhail  give  the  diitance  from 
9  parts,  unto  the  Tangent  of  z^gr.i^m. 

And  fuch  is  the  Angle  of  tne  Altitude  required. 

Jf  ti  e  parts  intercepted  on  the  Staff  being  20  Inches,  and  theparu 
on  the  Crofs  9  tenth  parts  of  an  incline  were  required  to  find  the  An¬ 
gle  of  theAititude,  Here  the  Angle  would  bemuchiefs,  andthep 
would  fall  out  of  the  Line  of  Numbers. 

To  fupply  this  defeft,  I  ufe  the  Tangent  of  5  gr.  43  m.  indead  of  . 
the  Tangent  of  45  gr.  And  then  if  I  extend  the  CompafTes  in  the  Line 
of  Numbers  from  20  unto  9,  the  fame  extent  will  reach  in  the  Line  of 
Tangents  from  5 gr,  43  m%  unto 

Or  in  Crofs  work,  if  I  extend  diem  from  20  parts  in  the  one  Line 
of  Numbers,  unto  the  Tangent  of  %gr.  43  m.  the  fame  extent  will 
give  the  diftanee  from  pintheLineof  Numbers,  unto  the  Tangle  of 

2  gr*  15  m- 

And  fuch  is  this  Angle  of  the  Altitude  required. 

But  if  it  be  an  oblique  Angle  that  iV  contained  between  the  two  fidei 
given,  the  Triangle  may  be  reduced  into  two  Re&angle  Triangles* 
and  then  rcfolved  as  before.  I 

As  in  the  Triangle  AD  B,  where  the  fide  A  B  is  33?,  andthefide 
A  D  1  oo,  and  the  Angle  B  A  D  43  gr.  20  w.  If  I  let  down  the  Per¬ 
pendicular,  D  H  upon  the  fide  A  B,  I  fhail  have  two  Re&angle  Tri¬ 
angles,  A  H  D,  DHB;  and  in  the  Re&angle  A  H  D,  the  Angle  ai 
A  being  4  3  2o«/.  the  other  Angle  ADH  will  be  4  6gr.  4  ©«. 

and  with  tbefc  Angles  and  the  fide  A  D,  I  may  find  both  A  H  and  D  H, 
by  the  firflPropolition. 

Then  taking  A  H  out  of  A  B,  there  remains  H  B  for  the  fide  of  the 
Re&angle  D.  H  B,  and  therefore  with  this  fide  H  B  and  the  other  fide 
H  D,  1  may  find  both  the  Angle  at  B,  and  the  third  fide  D  B,  as  iii  the 
former  part  of  this  Propofition. 

Or  I  may  find  the  Angles  required,  without  fetting  down  any  Per¬ 
pendicular.  For, 

Asthefumof  thefides,- 

is  to  the  difference  of  thefidcs  % 

So  the  Tangent  of  the  half  fumof  the  oppofite  Angles, 
to  the  Tangent  of  half  the  difference  between  thofc  Angles. 

As 


I  joyned  with  the  Line  of  Numbers*  zip 

As  in  the  former  Triangle  ADB,  the  fum  of  the  fides  A  B,  A  D,  is 
4??>  and  the  difference  between  them  255-  ;  the  Angle  contained 
4  J  20  m'  and  therefore  the  fum  of  the  two  oppofite  Angle* 
i^6gr.  40  and  the  half  fum  68^r,  2oz».  Hereupon  I  extend  the 
ICompades  in  the  Line  of  Numbers  from  435^0235,  and  I  find  them 
to  reach  in  the  Line  of  Tangents  from  6%gr.  20  m.  unto  53  gr.qom* 
lamgfuch  is  the  half  difference  between  the  oppofite  Angles  at  B  and 
D.  This  half  difference  being  added  to  the  half  fum,  doth  give  1 22  gr. 
for  the  greater  Angle  ADB  *  and  being  fubtra&ed,  it  leavech  iqgr. 
140  m.  for  the  leffer  Angle  A  B  D, then  the  three  Angles  being  known, 
the  third  fide  B  D  may  be  found  by  the  firff  Proportion. 

4*  Having  the  three  fides  of  a  right  Line  Triangle ?  to  find  the  thre® 
jingles. 

Let  one  of  the  three  fides  given  be  the  Bffe,  but  rather  the  greater 
fide,  that  the  Perpendicular  may  fall  within  the  Triangle  ;  then  ga¬ 
ther  the  fum,  and  difference  of  the  two  other  fides,  and  the  proper*  - 
j:ion  will  hold.  : 

As  the  Bife  of  the  Triangle,, 
is  to  the  fum  of  the  fides  u 

So  the  difference  of  the  fides 

to  a  fourth^  which  being  taken  forth  of  the  Bafe,  the  Perpen* 
dicular  fhall  fall  on  the  middle  of  the  remainder. 

As  in  the  former  Triangle  A  D  B,  where  the  Bafe  A  B  is  3  35*  the 
im  of  the  fides  AD  and  D  B  37 1,  and  the  difference  of  them  171# 
f  I  extend  the  Compaffcsin  the  Line  of  Numbers  from  335  unto  371, 
ihall  find  the  fame exsent  to  reach  from  171  unto  i8p.  4.  This  fourth 
dumber  I  take  out  of  the  Bafe  335.  o.  and  the  remainder  is  145.  6 , 
he  half  whereof  is  72.  8*  and  doth  ihew  the  diftance  from  A  unto  H, 

;  here  the  Perpendicular  ihall  fall,  from  the  Angle  D,  upon  the  Bafe 
i  B,  dividing  the  former  Triangle  ADB  into  two  right  Angle  Tri¬ 
logies,  D  H  A  and  D  H  B,  in  which  the  Angles  may  be  found  by  the  . 
j:cond  Propofition. 

And  this  may  fuffee  for  the  right  Line  Triangles,  but  for  the  more 
afie  protrattion  of  thefe  Triangles,  I  will  fee  down*  one  Propofition  ■« 
ore  concerning  Chords. , 

5,  Having  ; 


afo  'fheufecf  the  Line  of  Sim  andTatigeiits,  &c» 

•  .  »  "  *  f 

J.  Having  the  SemMUmeUr  of  a  Circle ,  to  find  the  Chords  of  every 
c Ark: 

As  the  Sine  of  the  Semiradius  of  3  2 gr. 
to  the  Sine  of  half  the  Ark  propofed  2 

So  is  the  Semidiameter  of  the  Circle  given* 
to  the  Chord  of  the  fame  Ark. 

As  if  in  the  protra&ing  the  former  Triangle  A  D  B,  it  were  re¬ 
quired  to  find  the  length  of  a  Chord  of  43  gr .  20  m.  agreeing 
to  the  Semidiameter  A  E,  which  is  known  to  be  three  Inches. 
The  half  of  43  gr.  20  m.  is  21  gr.  40  m.  wherefore  I  extend  thife 
Compaffes  from  the  Sine  of  30  gr.  to  the  Sine  of  21  gr ,  40  m. 
and  I  find  the  fame  extent  to  reach  in  the  Line  of  Numbers  from 
3.  000  parts  to  2.215.  which  fhews,  that  the  Semidiameter  being 
three  Inches, the  Chord  of  43  gr. 20  m.  will  be  2  Inches  and  21 5  parts 
of  1 00. 

In  like  manner  the  Chord  of  58 gr.  agreeing  to  the  fame  Semidia- 
meter,  would  be  found  to  be  2  inches  and  909  parts.  For  the  half  of 
58  being  29 ;  if  I  extend  the  Compares  in  the  Line  of  Sines  from  50 
gr.  to  2.9 gr.  the  fame  extent  will  reach  in  the  Line  of  Numbers  from 
3.  coo.  unco  2.  909. 

Or  in  Crofs  work,  if  I  extend  the  Compares  from  the  Sine  of  30 
gr.  to  3. 000  in  the  Line  of  Numbers,  I  fhall  find  the  fame  extent  to 
reach  from  21  gr:  40  m.  to  2.  215  parts,  and  from  19  gr-*  to  2. 909 
parts,  and  from  7  gr.  20  m.  1079$  parts ;  for  the  Chord  of  14  gr* 
40  m .  for  the  third  Angle  A  B  D. 


CHAP.  X. 


The  #[e  of  the  Line  of  verfed  Sines . 


TBisLineof  verfed  Sines  k  no  ntcedary  Line.  For  all  Triangles, 
both  right  lined  and  fpherical  may  berefoived  by  the  three  for¬ 
mer  Lines  of  Numbers,  Sinesand  Tangents  3  yet  I  thought  good  to 
put  it  on  the  Staff  for  the  more  eaiie  finding  cf  an  Angie  having 
three  fide?,  or  a  fide  having  three  Angles  of  a  fpherical  Triangle 

given. 

Suppofe  the  three  fidesto  be,  one  of  them  io®gr.  the  other  78  gr. 
and  the  third  3$gr.  30  m.  and  let  it  be  required  to  find  the  Angle, 

whofe  Bafe  is  no^r.  _ 

I  firft  add  them  together,  and  from  half  thefum  fubtract  the  Bale, 

noting  the  difference  after  this  manner. 


TheBafe 
The  one  fide 
The  other  fide 


38  30 


%i6  30 

113'  *S 


Thefum  of  all  three 
The  half  fum 
The  difference 


For  fo  the  proportion  will  hold. 

1  As  the  Radius 

to  the  Sine  of  one  of  thefides: 

So  the  Sine  of  the  other  fide, 
to  a  fourth  Sine. 

2  As  this  fourth  Sine, 

to  the  Sine  of  the  half  fum  ? 

So  the  Sine  of  the  difference 
toafcventhSine. 


3  The 


The  nfe  of  the  Line  of  <ver fed  Sines. 

3  The  mean  proportional  between  this  fevemh  Sine  and  the  Radius, 
will  t hew  the  Sine  of  the  Complement  of  half  the  Angle  required, 

Thisdone,  I  come  to  the  Staff,  and  extend  the  Compares  from  the 
Sine  of  $o.gr.  to  the  Sineof  78  gr.  which  is  one  of  the  (ides ;  and  ap¬ 
plying  this  extent  from  the  Sineof  the  other  fide  38  gr.  sow.  I  find 
it  to  reach  to  a  fourth  Sine,  about  37^30  m.  From  this  fourth  Sine 
of  sow.  I  extend  the  Compares  again,  to  the  Sine  of  the  half 
fum  ii3gr.  *5  m.  (  which  is  all  one  with  the  Sineof  66  gr.  ^  w. ) 
and  this  fecond  extent  will  reach  from  the  Sine  of  the  difference  3  gr. 
1  j  nu  to  the  Sine  of  4 gr.  54  m. 

Then  to  find  the  mean  proportional  Sine  between  this  fevemh  Sine 
■of  4£r.  w.and  the  Sine  of  90 gr.  I  might  divide  the  fpace  between 
them  into  two  equal  parts,  and  fo  I  ftiould  find  the  Compares  to  ftay 
atiy^r.  whofe  Complement  is  73  gr.  and  the  double  of  73  gr.  is  146 
gr.  the  Angle  oppofite  to  1 1  o  gr.  which  was  required. 

Butbecaufe  this  divifion  is  fomewhat  croublefome  I  have  therefore 
added  this  Line  of  Vcrfed  Sines,  that  having  found  the  feventh  Sine 
you  might  look  over  againft  it,  and  there  find  the  Angle.  And  foin 
this  example  having  found  the  fevemh  Sine  to  be  4 gr.  54/0.  over 
againft  this  Sine  you  fliaJI  find  14 6  gr.  in  the  Line  of  Verfed  Sines  for 
the  Angle  required  as  before. 


THE 

SECOND  BOOK 

OP  THE / 

CROSS-STAFF. 


in  feveral  kinds. 

He  former  Book  containing  the  gene¬ 
ral  ufe  of  each  Line  of  proportion, 
may  be  fufficient  for  all  thofc  which 
know  the  Rule  of  Three,  and  the 
de&rine  of  Triangles 
But  for  others,  1  fuppofe  it  would  be  more  dif 
fault  to  find  cither  the  Declination  of  the  Sun,  or 
his  Amplitude,  or  the  like,  by  that  which  hath 
been  faid  in  the  ufe  of  the  Line  of  Sines,  unkf 
they  may  havethe  particular  proportions, by  which 
fuch  propofitions  are  to  be  wrought.  - 
And  therefore  for  their  fakes  I  have  adjoynec 
this  fecond  Book,  containing  feveral  proportion! 
for  proportions  of  ordinary  ufe,  and  fee  them 
down  in  fuch  order,  that  the  Reader  confidering 
which  is  the  firfi  of  the  three  Numbers  g^ven,  ma\ 
eafily  apply  them  to  the  Se&or,  and  alfo  relolvt 
them  by  Arithmetick,  beginning  with  thofe  whicl 
require  help  only  of  the  Line  of  Numbers. 
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CHAP.  I. 

The  ufc  of  the  Line  of  Numbers  in  bread  meafure,  fuch  as  Beard,. 

Olafs,  and  the  like. 

✓ 

T  He  ordinary  meafure  for  breadth  and  length  arc  feet  and  inches 
each  foot  divided  into  1 2  inches,  and  every  inch  into  halves  and 
quarters,which  being  parts  of  fcveral  denominations  dothbrecd  much 
trouble  both  in  Arithmetic!*  and  the  ufc  of  inftruments. 

For  the  avoiding  whereof,  where  I  may  prevail  I  give  this  counfel, 
that  fuch  as  are  delighted  in  meafurc  would  ufe  feveral  Lines,  firfta 
Line  of  inch  meafure,  wherein  every  inch  may  be  divided  into  10 
or  100  parts  s  fecondfy,  a  Line  of  foot  meafure,  wherein  every 
foot  may  be  divided  into  100  or  1000  parts,  both  which  Lines  may 
be  fet  on  the  fame  fide  of  a  two  foot  Ruler,  after  this  or  the  like 
manner. 


IrUT  h  M 
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Then  if  they  be  to  give  the  content  of  any  Superficies  cr  Solid  in 
inches,  they  may  meafure  the  Tides  of  it  by  the  Line  of  inches  and 
parts  of  inches,  hut  if  they  be  to  give  the  content  in  feet,  it  would 
be  more  eafie  for  them  to  meafure  thofc  Tides  by  the  foot  Line  and  his 

parts.  .  \ 

For  example,  let  the  length  of  a  Plain  be  30  inches,  and  the 
breadth  21  inches  and  T6,  of  an  inch;  this  length  multiplied  into  the 
breadth,  would  give  the  content  to  be  648  inches  :  but  if  I  were 
to  find  the  content  of  the  ftm^  Plane  in  feer,  I  would  meafure  the 
Tides  of  it  by  the  foot  Line  and  his  parts ;  fo  the  length  would  prove 
r©  be  two  fect^v,  and  the  breadth  one  foot  T*;v,.  and  the  length 
multiplied  by  the  breadth,  cutting  off  the  four  lalt  figures,  for  the 
four  figures  of  the  parts,  would  give  the  content  to  be  4*  S?00* 

**  which 


P  The  like  rcafon  holdeth  for  Yards  and  Ells*  and  all  other  meafurcs 
divided  into  io.  i oo  or  1000  parts. 

This  being  prefuppofcd,  the  work  will  be  more  eaQe  both  by 
Ariehmetick  and  the  line  of  Numbers,  as  may  appear  by  thcfc  Pro¬ 
portion*. 


Sect.  I. 

Of  the  Menfuratio n  of  Oblong  Superficies,  and.  Triangles. 

y  * 

I.  Having  the  breadth  and  length  of  an  Oblong  Superficies  given  in  inch* 
meafure ,  to  find  the  content  in  inches. 

^  * 

A  S  one  inch  unto  the  breadth  in  inches, 

jrLSo  the  length  in  inches  unto  the  content  in  inches 


Suppofe  in  the  Plane  A  D,the  breadth  A  C  to  be  30  inches,  and  the 
eegth  A  B  to  be  185  inches  5  extend  the  Compares  from  1  unto  50, 
he  fame  extent  will  reach  from  183  unto  549© ;  or  extend  them  from 
jt  unto  183  the  fame  extent  will  reach  from  ^ounto  J490.  So  both 
vays  the  content  required  is  found  to  be  5490  inches. 

As  1  unto  30 :  fo  are  1 83  unto  5490. 

H  h  *  Having 


v 

; 
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2.  Having  the  breadth  and  length  of  any  Oblong  Superficies  given  fa 

% inches^  to  find  the  content  in  feet. 

• 

As  144  inches  unto  the  breadth  in  inches.* 

So  the  length  in  incjhes  unco  the  content  in  feet. 

And  thus  in  the  former  Plane  A  D,  working  as  before,  the  content 
will  be  found  to  be  38.  125,  which  is  38 foot  and  £  of  afoot. 

As  144  unto  30,  foare  183  unto  38.  125. 

3 ,  Having  the  length  and  breadth  of  any  Oblong  S  uperficies  given  in  foot 

meafurey  to  find  the  content  in  feet. 

As  1  foot  unto  the  breadth  in  foot  meafurc: 

So  the  length  in  feet  unto  the  content  in  feet. 

And  thus  in  the  former  Plane  A  D,  the  breadth  will  be  two  feet  50 
parts,  and  the  length  15  feet  25  parts;  then  working  as  before,  the 
content  will  be  found  to  be  38.  125. 

As  1  unto  2.  50: foare  15.  25  unto 58. 125, 

_  «  ‘  1  ;  \  ^  '  •»  >  lk  \  ", 

4*  Havjng  the  breadth  of  any  Oblong  Superficies  given  in  inches ,  and  the 
length  in  foot  meafurey  to  find  the  content  in  feet . 

As  12  inches  to  the  breadth  in  inches : 

So  the  length  in  feet  to  the  content  in  feer. 

So  alfo  in  the  former  Plane,  the  content  will  be  found  to  be  38. 
12  5. 

As  the  12  unto  30 :  fo  are  15. 2  5  unto  38.  rzy, 

5,  Having  the  breadth  of  an  Oblong  Superficies  given  in  inches  y  to  find 

the  length  of  a  foot  fuperficUl  in  inch  meafure .  -■ 

* 

As  the  breadth  in  inches,  unto  144  inches : 

So  s  foot  unto  the  length  in  inch  meafure. 

So  the  breadth  being  30  inches,  the  length  of  a  foot  will  be  found 
to  be  4  inches  80  parts,  the  length  of  two  feet  9  inches  60  parts. 

As  30  unto  144 ;  fo  are  1  unto  480. 

•  f  .  ‘  •  .  !  ifV- 

6.  Having 
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6.  Having  the  breadth  of  an  Oblong  Super ficlet  giuen  In  feet ,  to  find  the 
length  of  a  foot  fuperficial  in  foot  meafure. 


As  the  breadth  in  foot  meafure  to  I  foot  s 
So  the  number  of  feet  jo  the  length  in  foot  meafare. 

!  so  the  breadth  being  a  feet  50  parts,  the  length  of  a  foot  will  be 
found  to  be  40  parts,  the  length  of  2  feet  80  parts,  and  the  length  of 

3  feet  1  foot  20  prrr',e^e- 

As 2 50 unto  1  :  (bare  i  unto  ofqo, 

' 

ft  .  \  •  -  v,  ‘  >  4 

7.  Afourfided  Superficies  having  any  of  the  two  fidet  Parallels,  to  find 
the  Area. 


Add  the  two  Parallel  Tides  together,  and  take  the  half  jthen  fay, 


il  to  the  half  fum  of  the  two  Parallel  fades : 
So  is  the  breadth  (  or  length  ) 


jr  content. 


8.  To  find  the  Area  or  content  of  a  Triangle,  the  longefi  fide  and  the  Per* 
pendlenlar  being  given* 


Asi 

is  to  the  half  length  of  the  Bale  s 
So  is  the  length  of  the  Perpendicular 


to  the  Content  or  Area* 


,* 


Tbt  ufi  cf  the  lint  of  Timbers 


!o  the  Triangle  B,  having  the  Safe  i\ 
r,  and  the  Perpendicular  2j  foot^  the 
ca  will  be  found  to  be  400  foot. 

Extend  the  Compafles  from  1  to  1 6,  (  half 
Bafe  )  the  fame  extent  will  reach  from 
( the  Perpendicular  )  to  400  the  Area. 
)r,  extend  the  Compares  from  1  ro  1 2,  jv 
If  the  length  of  the  Perpendicular)  the 
e  extent  will  reach  from  32  (the  whole 


Or,  extend  the  Compares  from  1  to  32,  the  fame  extent  will  reach 
from  25  to  800, the  double  Area. 


9.  The  fide  of  an  Equilateral  Triangle  being  given,  to  find  the  Area. 


As  r  000, 
is  to  433. 01  , 

So  is  the  Square  of  the  fide  of  the  Triangle, 
to  the  Area. 

So  the  fide  of  an  Equilateral  Triangle  being  17,5  foot,  the  Area 
will  be  found  to  be  ( 3  2.  6 1  foot. 

Extend  the  Compafles  from  xoooto  453.  0i,  the  fame  Extent  will 

reach  from  306,  25  ( the  Square ofthe  fide  of  the  Triangle)  to  132. 
6iy  the  Area. 

^  •  \  *  ■ 

I  O-.  To  find  the  Area  of  a  fear  fide  d figure,  whofe  fides  are  neither  eetHsl 
nor  parallel  one  to  the  other ,  Vphicb  figures  are  called  Trapezius. 

All  four  fided  figures  whofc  fides  are  neither  equal  nor  parallel, 
mart  be  reduced  into  two  Triangles,  by  drawing  a  Diagonal  Line 
from  any  one  Angle  to  itsoppofite>  upon  which  Diagonal  two  Perpen¬ 
diculars  muft  be  let  fall  $  then, 


As  1, 

is  to  half  the  length  of  the  Diagonal : 


So  is  the  length  of  both  the  Perpendiculars? 
To  the  Area,  or  Content. 


So 


Divide  the  fpace  between  the  length  and  the  breadth  into  two  equal 
farts,  and  the  foot  of  the  Compares  will  flay  at  the  fide  of  the 
ljuare. 

I  So  the  length  being  1&3  inches,  and  the  breadth  50  inches,  the  fide 
f  the  fquare  will  be  found  to  be  74  inches,  and  almoft  10  parts  of 
00. . 

Or  the  breadth  being  2  foot  and  50  part*,  the  length  15  foot  and  ' 
5  parts,  the  fide  of  the  fquare  will  be  found  to  be  about  6  feet  and 
7  parts. 

As  30  unto  74, 10  :fo  are  74,  to  unto  1835  027. 

|  And  as  2, 50  unto  6, 174;  fo  arc  6, 1 74  unco  ij ,  24  7.  • 

Sec  t, 
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Sect,  II. 

A  **  |  H  \  (Q  1  ,l*\i  <c  t  *  *  . t ^R|Hh 

0/  the  Menfuratm  of  Regular  Polygons, 

BY  Regular  Polygons  are  meant  all  fuch  figures  whofe  Tides  and 
Angles  are  above  four,  and  are  all  equal.  As  the 

’  Pentagon  "Y  -  f: 5  1 

Hexagon  T  1  <5  | 

Heptagon  I  which  confi-  1  7  >Equal  Tides  and 
O  flagon  j*ftethof  |8  |  Angles. 

Nonagon  j  1 9 

Decagon  j|  jjoj  ; 

And  the  Area  of  any  of  thefe  Regular  Polygons  is  equal  to  a  Parti 
lelogram,  whofe  length  flball  be  equal  to  half  the  Perimeter, and  whof 
breadth  equal  to  a  Perpendicular  drawn  from  the  Center  of  the  figun 
.  to  the  middle  of  anyo|  the  Tides  of  the  Polygon. 


I.  The  fide  and  Perpendicular  of  a  Pettfagon  being  given ,  to  find  th 
Area. 


i 


As  i 

is  co  the  Perpendicula 

(8,25* 

So  is  half  the  Perimett 

(3°i 

To  the  Area  247, 7 

( inche 

So  in  this  Pentagon,  whei 
the  fide  CD  (and  fo  all  tt 
reft  ^contains  12  inches, an 
>  the  Perpendicular  H  Z,8,25 

inches, the  Area  will  be  four 

to  be  247.  74. 

Extend  the Compa fifes  from  i.to8.  258,  (the  Perpendicular  )tl 
fame  extent  will  reach  from  30  (which  is  half  the  length  of  all  the 
fides )  to  2  47 . 74  the  Area.  *•  7 


in  bo  ay  A  meafurel 
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2.  The  Side  and  Perpendicular  of  an  Oft  agon  ( or  figure  of  8  fides  )  Icing 
giver tf  to  find  the  Area , 


As  I 

is  to  the  Perpendicular  14.  48, 
So  is  the  Semi-  Perimeter  48. 
to  <$95.  04  the  Area. 


So  a  regular  Polygon  of  8  fides,  each  fide  containing  12  inchls 
and  the  Perpendicular  14  48  inches,  the  Area  thereof  will  be  found 
to  be  $95.  04. 

Extend  the  Compares  from  1  to  14. 48  the  Perpendicular,  the  fame 
extent  will  reach  from  48  (  half  the  Perimeter  )  to  69$  04.  the  Area. 
And  in  this  nature,  may  any  Regular  Polygon,  of  what  number  of 
•  fides  foever,  be  meafured. 


Sect.  III. 


Of  the  Menfuration  of  Circle  si 


T  He  Proportion  of  the  Diameter  of  a  Circle  to  its  Circumference 
as  7  is  to  22.  but  Ladolph  Van  Culen  comes  fomcwhat  nearer, 
allowing  theDiameter  to  the  Circumference  tobe(near ^a$  113  to  357. 
which  proportions  I  fhallufe  in  the  following  Problems. 


I.  The  Diameter  of  a  Circle  being  given,  to  find  the  Circumference* 


As  1 15  is  to  355  : 

So  is  the  Diameter  to  the  Circumference. 


So  the  Diameter  of  a  Circle  being  15  inches,  the  Circumference 
will  be  found  to  be  47. 1 2. 

Extend  the  Com  partes  from  113  to  35*.  the  fame  extent  will  reach 
from  ij  the  Diameter,  to  47, 12  inches  the  Circumference. 


I  i 


2.The 
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f  s  "  Sc' 

2.  The  focvmference  of  4  Circle  being  given,  to  find  the  Dimeter . 

*  « 

As  3  5J  is  to  13? :  -  . 

So  is  the  Circumference  to  the  Diameter. 

So  the  Circumference  being  47.  12.  the  Diameter  will  be  found  to 

be  15  inches.  . 

g Extend  the  Compiiffes  from  355  to  n  3,  the  fame  extent  will  reacn 

backwards  from  47 . 1 2  to  1 5 . 

.  -  ■ '  *  *■  # 

3.  The  Diameter  of  a  Circle  beinggiven,  to  fini  the  Area . 

As  28  .  |l 

is  to  22 : 

So  isthefquareof  the  Diameter  225 
tothe Area  176. 61.  .....  |f 

So  the  Diameter  being  1  j  inches*  the  Area  will  be  found  to  be 

17  6»6i*  . 

Extend  the  Compares  from  28  backwards  to  22,  the  fame  exteat 
applied  ( the  fame  way  )  will  reach  fr.om  225  ( the  Square  of  the  Dia¬ 
meter  )  to  17^*  *he  Area. 

1 

4.  The  Area  of  4  Circle  being  given,  to  find  the  Dlametfr* 

As  22 
is  to  28  : 

So  is  the  Area  1 7  6,  <£  1 , 

to  tt  e  Square  of  the  Diameter  22  5. 

So  the  Area  of  a  Circle  being  176.  61  inches,  the  Diameter  will  be 

found  to  be  1 5  inches.  %  > 

Extend  the  Compares  from  22  to  28,  the  fame  extent  will  reach 
from  176.  61  to  2247.  08  the  Square  of  the  Diameter,  the  middle 
way  upon  the  Line  between  2247. 08  and  1,  is -15  the  Diameter. 

»  ■  **  1 

x.  Tbt 
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5.  The  Circumference  of  a  Circle  being  given,  to  fini  ibe  Aren* 

A188 
is  to  7: 

So  is  the  Square  of  the  Circumference  2120. 29 
to  the  Area  176. 6 1. 

So  the  Circumference  of  a  Circle  being  47.  x  a,  the  Area  will  be 
found  to  be  176.61  inches. 

Extend  the  Compaffes  from  88  to  7, the  fame  extent  will  reach  from 
2220.  *9  ( the  fquare  of  the  Circumference  )  to  17$.  61  the  Area, 

6.  The  Area  of  aCircle  being  given,  to  find  the  Circumference • 

As  7 

is  to  88 : 

So  is  the  Area  176.  61. 

to  the  Square  of  the  Circumference  2220. 29. 

So  the  Area  of  a  Circle  being  176.6?,  the  Circumference  will  be 

found  to  be  47. 12,  •  ,lf  ,  - 

Extend  the  Compaffes  from  7  to  88,  the  fame  extent  will  reach  from 
176.61,  the  Area  to  2220.29,  the  Square  of  the  Circumference, 
the  half  diftance  between  1  and  2220.  29,  is  47.  12  the  Circum¬ 
ference*  # 

7.  Having  the  Diameter  of  a  Circle ,  to  fini  the  fide  of  a  Square  equal  to 
that  Circle • 

/  . 

As  1 0000  to  the  Diameter  : 

So  8862.  unto  the  fide  of  the  Square. 

So  the  Diameter  of  a  Circle  being  1 5  inches,  the  fide  of  the  fquare 
will  be  found  about  1 3  inches  and  29  parti. 

As  1 0000  unto  8862 :  fo  are  1 5  unto,  29. 


Ii 


8,  Having 
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8.  Having  the  Circumftrtnce  of  a  Circle,  to  find  the  fide  of  a  Smart 
equal  to  the  feme  Circle . 

As  10000  to  the  Circumference: 

So  282 1  to  che  fide  of  the  Square, 

So  the  Orcumferenceof  a  Circle  being  47  inches  13  parts,  the  fide 
or  che  Square  will  be  about  1 3  inches  29  pares. 

As  10000  unto  2821  :  fo  are  47, 13  unto  13,29, 


Sect.  I  V. 

Of  the  Menfumion  of  Lend  hy  Perch  and  Acres. 

* 

1.  'Having  the  breadth  and  length  of  an  Ob l eng  Superficies y  given  in 
Perches ,  to  find  the  content  in  Perches . 


S  1  Perch,  to  the  breadth  in  Perches : 

So  the  length  in  Perches, the  content  in  Perches. 


So  in  the  former  Plane  AD,  if  the  breadth  AC  be  30  Perches, 
and  the  length  A  B  1 83  Perches,  the  content  will  be  found  to  be  549® 
Perches. 

*  ■  •  /  ^  H  j  ~*  m  ,4  y  ■  y 

^  .  * 

I 

2.  Having  the  length  and  breadth  of  an  Oblong  Superficies  given  h  Per - 
ches0  to  find  the  content  in  Acres . 

■  ■  ill 

As  itfo,  to  the  breadth’^  Perches : 

So  the  length  in  Percies,  to  the  content  in  Acres. 


So  in  the  forrrer  Plane  A  D,  the  content  frill  be  food  to  be  H 
Acres,  and  31  Centimes,  or  parts  of  100.  J 

As  160 ,  unto  3,0  :  So  are  183,  unto  34, 3  x. 


To  augment  a  Superficies  in  a  proportion ,  x 

To  diminifh  a  Superficies  in  a  proportion  given. 
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3.  Having  the  length  and  breadth  of  an  Oblong  Superficies  given  I 

Chains ,  to  find  the  content  in  Acres . 

Ic  being  troublefome  to  divide  the  content  in  Perches  by  160,  w 
may  mcafure  the  length  and  breadth  by  chains  each  chain  being 
Perches  in  length,  and  divided  into  100  links  then  will  the  workb 
onoreeafiein  Arithractick.  For, 

As  10  to  the  breath  in  Chains : 

So  the  length  in  Chains,  to  the  content  in  Acres.  . 

And  thus  in  the  former  Plane  AD,  the  breadth  AC  will  be 
Chains  50  Links, and  the  length  A  B  45  Chains  77  Links  •  then  worl 
ing  as  before,  the  content  will  be  found  as  before,  34  Acres  3 1  parts 

4.  Having  the  Perpendicular  and  Bafe  of  a  Triangle  given  in  Perches , 

find  the  content  in  Acres . 

If  the  Perpendicular  go  for  the  breadth,  and  the  Bafe  for  tl 
length,  the  Triangle  will  be  the  half  of  the  Oblong,  asthcTriang 
C  E  D  is  the  half  of  the  Oblong  A  D,  whole  content  was  found  in  it 
former  Proportion.  Or  without  hailing. 

As  320  to  the  Perpendicular  ? 

So  the  Bafe,  to  the  content  in  Acres. 

So  in  the  Triangle  C  E  D,the  Perpendicular  being  3  ©,  and  the  Ba 
1 83 ,  the  content  will  be  found  to  be  about  1 7  Acres  and  1 5  parts. 

5*  Having  the  Perpendicular  and  Bafe  of  a  Triangle  given  in  Chains^ 
find  the  content  in  Acres . 

As  20  to  the  Perpendicular : 

So  the  Bafe,  to  the  content  in  Acres. 

And  fo  in  the  Triangle  C  E  D,  the  Perpendicular  E  F  being  7,  3 
Snd  the  Bafe  G  D  45, 75,  the  content  will  be  found,  as  before,  to  1 
about  17  Acres  15  parts. 
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6,  Having  the  content  of  a  Superficies  after  one  kind  of  Perch ,  to  find  the 
content  of  the  fame  Superficies ,  according  to  another  kind  of  Perch. 

As  the  length  of  the  fecond  Perch , 
to  the  length  of  the  firfl  Perch  i 
1  So  the  content  in  Acres  to  a  fourth  number  5 

and  that  fourth  to  the  content  in  Acres  required* 

*  *  ^  _ 

If  -  -  ;  A-.'  * 

Suppofe  the  Plane  A  D  trieafured  with  a  chain  of  66  feet,  ‘or  with  a 

perch  of  16  feet  and  an  half,  contained  34  Acres  31  parts  ;  and  it  were 
demanded  how  many  Acres  it  would  contain*  if  it  were  meafured 
^ith  a-chain  of  1 8  foot  to  the  Perch  :  thefe  kind  of  Proportions  are 
wrought  by  the  backward  Rule  of  three,  after  a  duplicate  proporti¬ 
on.  Wherefore  I  extend  the  Compares  from  16,  y  unto  18,  o,  and  the 
(Imc  extent  doth  reach  backward,  firftfrom  34>3rto  3h45>  and 
then  from  31,  45  to  28,  84,  which  ihews  the  content  to  be  28  Acres 
84  parts. 

j '  / 

1  7*  Having  the  plot  of  a  Plane  with  the  content  in  Acres ,  to  find  the  S calr 
by  which  it  was  plotted . 

1  x  • 

Suppofe  the  Plane  A  D,  contained  34  Acres  31  Centefmsj  if  I 
(houlemeafure  it  with  a  Scale  of  10  in  the  inch,  the  length  A  B  would 
jbe  38  Chains,  and  about  12  Centcfms,  and  the  breadth  A  C,  6  Chains 
and  25  Ccntefms;  and  the  content  would  be  found  by  the  third  Propo- 
|(itionofthis  Chapter,  to  be  about  22  Acres  8 2  parts,whercasitfliould 
be  34  Acres  3  1  P«^s. 

Wherefore  I  divide  the  diftance  between  23,  82  and  34t  ?•*>■  uPon> 
;he  Line  of  Numbers,  imo  two  equal  parts ;  then  (etting  one  foot  of 
:he  Compares  upon  10, .my  fuppofed  Scale,  I  find  the  other  to  extend 
to  12,  which  is  the  Scale  required.  , 

8,  Having  the  length  of  the  Furlong ,  to  findthe  breadth  of  the  Acre • 

•  1  •  » 

As  the  length  in  Perche?*to  160  : 

So  1  Acre  to  the  breadth  in  Perches. 

So  the  length  of  the  Furlong  being  40  Perches,  the  breadth  for  am 

Acre 


j 
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Acre  will  hold  found  to  be  4  Perches.  If  the  length  be  $0,  the  breadth 
for  one  Acre  mu  ft  be  3 ,  *o>  the  breadth  for  two  Acres  6,40. 

Or  if  the  length.be  meafured  by  chains. 


As  the  length  in  chains  unto  10 : 


So  t  Acre  to  his  breadth  in  chain  meafure. 

So  the  length  of  the  Furlong  being  12  Chains  50  Links  the  breadth 
for  one  Acre  will  be  found  to  be  80  Links,  the  breadth  for  two  Acres 
1  Chain  60  Links. 

As  1 2>  50,  unto  10  :  fo  1  unto  0,80. 

Or  if  the  length  be  meafured  by  feet  meafure : 


As  the  length  in  feet,  unto  43  j6o  : 

So  1  Acre*  to  his  breadth  in  foot  meafure. 


\ 


So  the  length  of  the  Furlong  being  792  feet,  the  breadth  for  one 
Acre  will  be  found  to  be  55  feet,  the  breadth  for  two  Acres  no  feet. 


CHAP.  III. 
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The  (fife  of  the  Line  of  Numbers  in  / olid  meafure 3  fitch  as  $tm> 

Timber 3  and  the  like • 


m 

S 
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I  Having  the  fide  of  a  Square  equal  to  the  Bafie  of  any  Solid  given  h 
inch  meafure ,  to  find  the  length  of  afoot  Solid  in  inch  meafure . 

He  Hde  of  a  Square  equal  to  the  Bafe  of  a  Solid,  may  b< 
found  by  dividing  the  fpace  between  the  length  and  breadtl 


1 


I 
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into  two  equal  parts,  at  in  the  feventh  Propofition  of  broad  mea¬ 
fure. 

At  the  fide  of  the  Square  in  inches,  to  41,  S7  5 
So  it  1  foot,  to  a  fourth  number  j 

and  that  fourth  to  the  length  in  inches. 

* 

So  in  the  Solid  A  H,  the  fide  of  the  fquare  equal  to  the  Bafe  E  C, 
beinc  about  4$  inches  45  parts,  the  length  ofafootSolid  willbe  found 
about  two  inches  67  parts,  and  the  length  of  two  foot  Solid  j  inches 
1 4  parts. 

As2$,45,um°4i,  57  s for, 00, unto  i»<« 

and  fo  are  1, 6 J>  unto  4,^7. 

S  .Having  the  fide  of  a  Square  equal  to  the  Bafe  of  any  Solid  given  In 
foot  meafure,  to  find  the  length  of  afoot  Solid  in  foot  meaf ere. 

•  A.  ,  '  S  .  \ 

As  the  fideof  the  Square  in  feet,  unto  1 : 

So  is  1 ,  unto  a  fourth  number : 

And  that  fourth,  to  the  length  in  foot  meafure. 

So  in  the  Solid  A  H,  the  fideof  the  Square  equal  to  theBafeE  C, 
aeing about  2  foot  1  so  parts,  the  length  of  a  foot  Solid  will  be  found 
ibout  242  parts  of  a  foot. 

As  4, 1  ao,  unto  1,000  :fo  1,000,  unto  0,471. 
and  fo  are  47 1,  unto  422. 

3.  Having  the  Ireadth  and  depth  of  a  fquared  Solid  given  in  foot  me  a- 
[ure,  to find  the  length  of  afoot  Solid  in  foot  meafure. 

A*  1,  unto  the  breadth  in  foot  meafure : 

So  the  depth  in  feet  to  a  fourth  number : 
which  is  the  content  of  the  Bafe  in  foot  meafure, Then 
^  - 
As  this  fourth  number,  unto  1 : 

So  t,  unto  the  length  in  foot  meafure. 


Kk 


So 
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So  in  the  Solid  A  H>  the  breadth  being  2  foot  5®  P3r,!>  •kP1*1 

x  foot  80  parts,  the  content  of  thcBafc  EC  will  be  found  41001  50 
parts,  and  the  length  of  one  foot  Solid  about  22 2 parts,  the  length  of 
two  foot  Solid  about  444  parts  of  iooo* 

£  >  t.i  «  t  I  :  ’n  <  t  ■ 

As  i,po  unto  2,  50  :  fo  are  1,80  unto 4? 5 °* 

As  4,  50  unto  1,00^  fo  1,000  unto o, 222. 

I.  Having  thelreadth  and  depth  of  a  feared  Solid  given  in  mhes>  to 

find  the  length  of  afoot  Solid  in  inch  me  a  Jure. 

As  1  hath  to  the  breadth  in  inches : 

So  the  depth  in  inches  to  a  fourth  number ;  .  ; 

Which  is  the  content  of  the  Bafe  in  inches.  Tnen, 

As  this  fourth  number  unto  1728 :  .  .  \ 

Sjo  i  unto  the  length  of  a  foot  in  inch  meafure. 


1  •  k£  l 

so  in  the  Solid  AH,  the  breadth  A  C  being  30  inches,  and  the  depth 
A  E  21  inches  60  parts,  the  content  of  theBafeEC  will  be  found  to 
be  648  inches,  and  the  length  of  a  foot  Solid  about  2  inches  67  parts, 
the  length  of  two  foot  Solid  5  inches  34  parts. 

As  1  unto  21,  6  :(o  30  unto  648. 

As  648  unto  1728  :fo  1  unto  267,  ■M 

Or  as  12  to  the  breadth  in  inches : 

So  the  depth  in  inches  to  a  fourth  number. 

As  this  fourth  number  to  144  : 

So  i  unto  the  length  of  a  foot  Solid  in  inch  meafure. 

So  in  the  Solid  A  H,  the  breadth  being  30  inches,  the  depth  21 
inches  6  parts,  the  fourth  number  will  be  found  to  be  ,4>  *nd,B* 
depth  of  a  foot  Solid  2  inches  67  parts. 

As  x  2  unto  21,6:  fo  30  unto  54. 

As  74  unto  144  *  fo  1  unto  2,  67+ 


y,  Having 
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j  .  Jltvinl  the  fide  of  a  Square  equal  to  the  Safe  of  any  SolU^ni  the  length 
1 '  thereof  given  in  inch  meafure ,  to  find  the  content  thereof  in  feet. 

As  41.57 t0  the  of .  the  Square  in  inches : 

So  the  length  in  inches  to  a  fourth  number  ; 
end  that  fourth  to  the  content  in  foot  meafure. 

i  ’  T.  - 

So  in  the  Solid  A  H,  the  length  A  B  being  1 8  3  inches,  and  the  fide 
of  the  Square  equal  to  the  Bafe  E  C  about  ay  inches  45  parrs,  the 

Eourth  number  will  be  found  about  11*,  and  the  whole  Solid  content 

ibout  68  feet  62  parts. 

As 41. 57  unto 25.45  rib  183  unto  1 12: 
and  fo  are  1  (2  unto  68,  6a. 

4  1  \ 

6.  timing  the  fide  of  a  Square  equal  to  the  Bafe  of  any  Solid,  and  the 
length  thereof  given  in  foot  meafure,  to  find  the  content  thereof  in 

feet . 

As  1  to  the  fide  of  the  Square  in  foot  meafure  .• 

So  the  length  i  n  feet  to  a  fourth  number  5 
and  that  fourth  to  fhe  content  in  foot  meafure. 

So  in  the  former  Solid  A  H,  the  fide  of  the  fquare  equal  to  the  Bafe 
A  E,  being  about  2  foot  i  >  parts,  and  the  length  A  B  15  foot  25  parts, 
the  content  will  be  found  to  be  about  68  foot  62  parts. 

As  1  unto 2. 12 :  fo  15*  2  5  unt0  3 35  * 
and  fo  arc  32.  iS  mito  <58.62. 

7.  Having  the  fide  of  a  Square  equal  to  the  Bafe  of  any  Solid  given  in 
inch  meafure ,  and  the  length  of  the  Solid  given  in  foot  me  of we,  to 
find  the  content  thereof  infeeU • 


As  1 2  to  the  fide  of  the  Square  given  in  inches : 

So  the  length  in  feet  to  a  fourth  number ; 
and  that  fourth  to  the  eontent  in  foot  meafure. 


7 


j 

So 


Kk  2 


248  Theufeof  the  Lint  of  Numbers 

So  in  the  former  Solid  A  H,  the  fide  of  the  Square  being  25  inches 
45  parts*  the  content  will  be  found  to  be  about  68  feet  62  parts. 

As  12  unto  25.45  :  fo  15.  25  unto  32.  35* 
and  fo  are  32. 3  5  unto  68.62. 

8,  Having  the  lengthy  breadth  and  depth  of  a  fyftdred  Solid  given  in 

inches  y  to  find  the  content  in  inches • 

\ 

As  1  unto  the  breadth  in  inches  : 

So  the  depth  in  inches  unto  the  Bafc  in  inches.  Then, 

As  1  unto  the  Bafe  .•  . 

So  the  length  in  inches  unto  the  Solid  content  in  inches. 

✓  1 

So  in  the  Solid  A  H,  whofc  breadth  A  C  is  30  inches,  depth  A  E 
21  inches*  and  6  parts  of  io,  and  length  AB  183,  the  content  of  the 
Bafe  E  C  will  be  found  648  inches,  and  the  whole  Solid  content  about 
1 1 85  84  inches. 

As  1  unto  21.  6:  fo  are  30  unto  648  .• 

As  1  unto  648  .*  fo  are  185  to  1 18*^84* 

Having  the  lengthy  Ireadthy  and  depth  of  a  feared  Solid  given  in 
inches ,  to  find  the  content  in  fed. 

As  1  to  the  breadth  in  inches.* 

So  the  depth  in  inches  to  the  Bafe  in  inches. 

As  1728  to  that  Bafe  ;  #  '  .  ,‘1 % 

So  the  length  in  inches  to  the  content  in  feet. 

So  in  the  Solid  A  H,  the  content  will  be  found  to  be  about  68  fe« 
62  parts. 

As  1  unto  21.  6  :  fo  30  unto  648  .* 

As  1728  umo  648  .*  fo  183  to  ,68,62. 

Or  as  12  to  the  breadth  in  inches : 

So  the  depth  in  inches  to  a  fourth  number. 

■  JH 
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As  144  to  that  fourth  number  .* 

So  the  length  in  inches  to  the  content  in  feet. 

1/  * 

And  fo  alfo  in  the  fame  Solid  A  H,  the  content  will  be  found  to  be 
Lbouc68  feet  62  parts. 

j  As  12  unto  216:  fo  30  unto  68.62. 

As  144  unto 54  :  fo  1 83  unto  68.  62. 

i  - 

l©,Having  the  length,  breadth,  and  depth  of  a  fq  Hared  Solid  given  in 
foot  me  a  fare,  to  find  the  content  in  feet * 

As  1  unto  the  breadth  in  foot  raeafure  .* 

So  the  depth  in  feet  to  the  Bafe  in  feet. 

^  V  *  '  - 

As  1  unto  that  Bafe  .* 

So  the  length  in  feet  to  the  content  in  feet. 

And  thus  in  the  former  Solid  A  H,  the  breadth  A  C  will  be  two  foot 
;o  parts,  the  depth  A  E,  1  foot  80  parts,  and  the  length  A  B  15  foot 
parts  5  then  working  as  before,  the  content  of  the  Bafe  A  F  will  be 
‘ound  4 feet  50  parts,  and  the  whole  Solid  content  about  68  foot  62 
ms, which  of  all  others  may  very  cafily  be  tried  by  Arithmccick. 

As  1  unto  2.  jo  :  fo  i,  80  unto  4.J0. 

As  1  unto  4.  50:  fo  1 5.2 5.  unto  68.62, 

11.  Having  the  breadth  and  depth  of  a  fqnared  Solid  given  in  inches ,  and 
the  length  in  foot  me  a  fare,  to  find  the  content  thereof  in  feet • 

As  z  unto  the  breadth  in  inches 
So  the  depth  in  inches  unto  a  fourth  number, 
which  is  the  content  of  the  Bafe  in  inches. 

*  *  s  * 

\  As  144  hath  unto  that  fourth  number : 

So  the  length  in  feet  to  the  concent  in  feet. 

X  / 

And  fo  in  the  fame  Solid  A  H,  the  content  will  be  found  Co  be  about 
8  feet  62  parts. 


1 
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As  i  unto  21.  6  :fo  so  unto  648. 

As  144  unto  1 5. 25.  fo  648  unto  68*  $2. 

Or  as  1 44  unto  the  breadth  in  inches : 

So  the  depth  in  inches  unto  a  fourth  number  „• 

which  is  the  content  of  the  Bafc  in  feet. 

As  1  hath  unto  that  fourth  number ; 

So  the  length  in  feet  to  the  content  in  feet. 

And  fo  in  the  fame  Solid  A  H>  the  content  will  be  found  to  be  about 
6$  feet 62  parts. 

As  144 unto  2 1.6  .-fo  so  unto  4. 50. 

As  1  unto  4.50  :  fo  1 5,25  unto  68.  62. 

Or  as  12  unto  the  breadth  in  inches: 

So  the  depth  in  inches  unto  a  fourth  number. 

As  12  unto  this  fourth  number  „• 

So  the  length  in  feet  to  the  content  in  feet . 

And  fo  alfo  in  the  fame  Solid  A  H,  the  content  will  be  found  to  be 
about  68  feet  62  parts. 

As  12  unto 21.  6.-fo  go  unto 54. 

.As  12  unto  54  :  fo  15. 2$  unto  68.62. 

All  theft  varieties  (andfuch  like  not  here  mentioned  )  do  follow 
upon  the  making  of  the  Bafeof  the  Solid  to  be  E  C ;  there  would  beat 
many  more  if  any  iball  begin  with  the  Bafe  E  H,  and  fo  likewife  if  they 
make  the  Bafc  to  be  F  D. 
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S  I  C  T.  II. 

Of  the  Menfuntion  of  Cylinders . 

l.  Having  the  Diameter  of  a  Cylinder  given  in  inch  me  afar  to  find  the 
length  of  a  foot  Solid  in  inches. 

S  the  Diameter  in  inches  unto 46  90 : 

So  is  1  unto  a  fourth'  number : 

And  that  fourth  to  the  length  in  inchei. 

-  -  * 

So  the  Diameter  of  a  Cylinder  being  15  inches,  the 
ourth  number,  will  be  about  3, 12,  and  the  length  of  a 
oot  Solid  9  inches  78  parts. 

As  15  unto  46.  90 ;  fo  x  unto  5.127.  , 

and  fo  arc  3. 127  unto  9. 78. 

% 

ZiBaving  the  Diameter  of  a  Cylinder  givenin  footmea - 

fureyto find  the  length  of  a  foot  Solid  in  foot  meafttre. 

*  * 

.y. 

As  the  Dhxmter  in  feet  unto  1, 128  t  ; 

So  is  1  unto  a  fourth  number  ; 
and  chat  fourth  to  the  length  in  foot  meafure. 

i  •  % 

So  the  Diameter  being  1  foot  25  parts ;  the  length  of 
foot  Solid  will  be  found  about  8.1 4  parts  of  i  ooc*  , 

As  1  25  unto  1. 128;  fo  1. 00  to  0.9027.- 
and  fo  are  9027  unt®  8148. 

;  3.  Having  the  Circumference  of  a  Cylinder  given  in  inches,  to  find  the 
length  of  afoot  Solid  in  inch  meafttre. 

■* 

As  the  Circumference  in  inches  to  147.  %6 1 
So  is  1  to  a  fourth  number  ; 
and  that  fourth  to  the  length  in  inches* 

So 
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So  the  Circumference  being  47  inches  1 3  parts, the  length  of  a  foot 

SoJid  will  be  found  about  9  inches  74  parts.  ? 

/  %  * 

As  47. 13  unto  147, 36  /  fo  1.  00  to  3. 13, 
and  fo  are  3?  1 3  unto  9. 78, 

4.  Having  the  Circumference  of  a  Cylinder  given  in  foot  me  after  ey  to  find 

the  length  of  a  foot  Solid  in  foot  me  after  e* 

As  the  circumference  in  feet  to  3,545  .* 

So  is  1  to  a  fourth  number  3 
and  that  fourth  to  the  length  in  foot  meafure. 

So  the  Circumference  being  3  foot  927  parts,  the  length  of  a  foot 
Solid  will  be  found  to  be  about  81 5  parts. 

As  3.927unto  3,545  rfoi.ooo  unto  0.90.  3. 
and  fo  are  903  unto  815. 

<•  •  m  y 

5.  Having  the  fide  of  a  Square  equal  to  the  Bafe  of  a  Cylinder ,  to  find  the 

length  of  a  foot  Solid i 

i  »  \ 

The  fide  of  a  fquarc  equal  to  the  Circlc,may  be  found  by  the  eighth 
Propcficion  of  broad  meafure,  and  then  this  Propofition  may  be 
wrought  by  the  firfl:  and  fccond  Propofition  of  Solid  meafure. 

6.  Having  the  Diameter  of  a  Cylinder  >  and  the  length given  in  inches ,  is 

find  the  content  in  inches . 

As  r  128  unto  the  Diameter  in  inches: 

So  the  length  in  inches  to  a  fourth  number  3 
and  that  fourth  number  to  the  content  in  inches. 

So  the  Diameter  being  15  inches,  and  the  length  105,  the  content 
o*  the  Cylinder  will  be  found  to  be  about  18555  inches. 

As  1.  1284 unto  15  :  foare  105  unto  1395,  87: 
and  foare  1395. 87 unto  18555.  34*  ^ 


7.  fftrt/hj 


in  the  meafure  of  Cylinders  • 


7,  Having  the  Diameter  and  length  ef  a  Cylinder  in  foot  me  after  e,  ttfind 
the  content  in  feet. 

As L  128 tto the  Diameter  infect: 

So  the  length  iff  feet  to  a  fourth  number  j 
and  that  fourth  to  the  content  in  feet. 

So  the  Diameter  being  1  foot  25  parts,  and  the  length  8  foot  and 
parts,  the  content  of  the  Cylinder  will  be  found  about  10  foot  75 

parts. 

!  A  1.128  unto  1. 25  :  fo  8.75  unto  9. 69 j 
and  fo  are  9.69  unto  1  ©.  74. 


8,  Having  the  lyUmwr  of  a  Cylinder ,  aed  the  length  given  in  inches,  to 
i  find  the  content  in  feet . 

% 

!  As  4 6. 90  to  the  Diameter  in  inches  .• 

So  the  length  in  inches  to  a  fourth  number  $ 
and  that  fourth  to  the  content  in  feet. 

I  *  m  ' 

So  the  Diameter  being  ij  inches,  and  the  length  105,  the  content 
frill  be  found  about  1  o  foot  74  Parts* 


AJ46.906  unto  ij;  fo  105  unto  33. 
and  fo  are  %  3.  S  8  unto 1  °.  74' 

9.  Having  the  Diameter  of  a  Cylinder, given  in  inches,  and  the  length  in¬ 
feet,  to  find  the  content  in  feet. 

% 

As  3 .  54 to  the  Diameter  in  inches  ? 

So  the  length  in  feet,  to  a  fourth  number ; 
and  that  fourth  to  the  content  in  feet. 

I  So  th^  Diameter  being  15  inches,  and  the  length  8  foot  7S  parts,  the 
jntent  will  be  found  about  'to  foot  74  psrtf* 


LI 


As 


j54  The »fi  tf  the  Line  nf  Number j 

As  1 3  .54  unto  1 5  .•  fo  8. 75  unto  p.6p  : 
and  fo  arc  9.69  unto  10,74. 

1  o.  Having  the  Circumference  and  length  of  a  Cylinder  given  in  Inches  fo 
find  the  content  ininches,  0 

As  3.545  to  the  Circumference  in  inches  • 

So  the  length  in  inches  to  a  fourth  number  § 

and  that  fourth  to  the  content  in  inches. 

So  the  Circumference  being  47  inches  1 3  pirts,  and  the  length  10J 
inches,  the  content  will  be  found  about  185.  55  inches. 

As  3 . 545  unto  47. 1 3 :  fo  105  unto  1 3 96. 
and  io  arc  1 3 96  unto  18555. 

•  K;  f 

il  .  Having  the  Circumference  and  length  of  a  Cylinder  given  in  inehe, 
to  find  the  content  in  feel.  *  * 

As  147;  16  to  the  Circumference  in  inches: 

So  the  length  in  inches  to  a  fourth  number  3 
and  that  fourth  to  the  content  in  feet.  * 

So  the  Circumference  being  47  inches  1  $  parts,  and  the  length  105 
Inches,  the  content  will  be  found  about  10  foot  74  parts* 

i  * 

As  147.36 unto  47 3  I05  unto  33*3^* 

gndfo  are  33,  58  unto  1074. 

fa.  Having  the  Circumf  rence  and  length  of  a  Cylinder  given  in  foot  men 
fure^to  find  the  content  in  feet. 

Jfcs  the  545  to  the  Circumference  in  feet : 

So  the  length  in  feet  to  a  fourth  number  $ 
and  chat  fourth  to  the  content  in  feet. 

So  the  Circumferencebeing  3  foot  927  parts,  and  the  length  8 Too 
7j:parts,  the  content  will  be  found  to  be  10  foot  74  parts. 


V 


r  J 


■p 


HS 


and  the 


Of  the  menfuution  of  Cones 

s 

As  $.  545  unto  3  >  9*7 :  To  8.  75  unto  9,69. 

and  fo  are  9, 69  unco  i°>74* 

•  %  * 

15.  Having  the  Circumference  of  a  Cylinder  given  in  inches 
1  length  in  feet  me  a  fur  c,  to  find  the  content  in  feet . 

As  42,  $4.  to  the  Circumference  in  inches : 

So  the  length  in  feet  to  a  fourth  number ; 
tod  that  fourth  to  the  content  in  feet. 

So  the  Circumference  being  47  inches  ij  parts,  and  the  length  g 
ot  75  parts,  the  content  will  be  found  as  before  50  foot  74  parts. 

As  42, 54  unto  4 7,k  3  •  fo  8, 7  $  unto  9, 69 : 
and  foarep,  unt0  IO»74* 


/ 


Sect.  III. 

/  45  i  *  4 

0/  the  tyfenfuration  of  Cones. 

1.  The  Diameter  of  the  Bafe  and  the  length  of  the  fide  of  a  Cone  king 
given ,  to  find  the  f sperfeial  content  thereof. 

LS  7  is  to  z*  ;  Or  U?  to  ?5J. 

So  is  h  the  Diameter  6  multiplied  in  18  the  iide, 

To  the  Superficial  Content  j  3 9. 29. 

>0  the  Diameter  of  the  Bafeof  aright  Cone  being  12  inches,  and 
fide  thereof  1 8  inches, the  Area  will  be  found  to  be  339-  29>  For, 

:f  you  extend  the  Compaffes  from  7  to  22,  or  from  1 3  to  35  y,  the 
it  extent  will  rttcb  from  108,  ^whicb  is  the  half  Diameter  multiplf* 

n  the  fide  )  to  3?9-  2  9  the  Area,  or  Superficial  content. 

*  , 

s.  The  Diameter  and  Axis  of  a  right  Cone  beinggivtn ,  to  find  the  Solid 
Content . 


As  28, 

Is  to  22  .• 


L  1 


5o 


r  .  <).. 

of  the  Men  fur  Atm  of  Spheres. 

So  is  the  Square  of  the  Diameter  144,  multiplied  by  f  of  the  Axil 
To  the  Solid  Content  of  the  Cone  678  85.  {vlz>  86.8, 


So  the  Axis  of  a  Cone  being  1 8  inches, and  the  Diameter  1 2  inches; 

the  Solid  content  will  be  found  to  be  67  8.85. 

Extend  the  Compares  from  28  to  22.  The  fame  extent  will  react 
from  864(1  of  the  Axis  multiplied  in  the  Square  of  the  Diameter, 
to  678.85  the folid  content. 


Sect.  IV. 


Of  the  Mensuration  of  Spheres. 

1. The  Diameter  of  a  Sphere  being  given)  to  find  the  Superficial  content* 

.  '  '  \  \  ■  »  V»I 


Syis  to  225  or  113  to  3SS* 

So  is  the  Square  of  the  Diara’etcr  144 
To  the  fuperficial  content. 


Tbus  a  Sphere  whofe  Diameter  is  1 2  inctfts,  the  fuperficial  contcn 

thereof  will  be  found  to  be  45  M7>  ...  ,  , 

Extend  the  Compares  from  7  to  *2,  the  fame  extent  will  reach  tron 
144  ( the  fquare of  the  Diameter)  to  452.  57  the  fuperficial  con 

tent. 


2  The  Superficies  of  a  Sphere  being  given)  to  find  the  Axis, 


As  22, 

Is  to  7 : 

So  is  the  Superficies 
To  the  fqu$re  of  the  Diameter. 


4,-;  <.«■ 


So  a  Sphere  whofe  Superficies  is  452.57  inches, the  Diameter  there 
of  will  be  found  to  be  12  inches. 

Extend  the  Compaffes  from  22  to  7,  the  fame  extent  will  reach  tron 
451,  j7(  the  Superficies)  to  i44,theSquare.of  the  Diameter,  the, 
diftance  between  144  and  1  is  12  the  Diameter. 


3 .« 


X 


Of  the  Menfuntm  of  Prifmes,  a  $7 

3.  The  Axis  of  a  Sphere  being  given,  to  find  the  Solid  content . 

As  42, 

1$  co  22 

So  is  the  Cube  of  the  Diameter 
To  the  Solidity. 

So  if  the  Axis  of  a  Sphere  be  12  inches,  the  Solid  content  thereof 
will  be  found  to  be  590. 62. 

Extend  the  Compares  from  42  to  22,  the  fame  extent  will  reach 
from  1728  ( the  Cube  of  the  Diameter  )  to  905.  14,  the  Solid  conr 
tent. 

~  -  ..  » .  •  .  ■ 

4;  The  Solidity  of  a  Sphere  being  given,  to  find  the  Axis. 

As  22,  .  "  .  .  v  ' 

Is  to  42  : 

So  is  the  Solidity 

To  the  Cube  of  the  Diameter,  or  Axis. 

*  •  1  '  '  A  •  -  -  •  '  '  s.  ' 

So  a  Sphere  whofe  Solid  content  is  905. 14.  the  length  of  the  Axis 
will  be  found  to  be  12  inches. 

Extend  the  Compares  from  22  to 42.  the  fame  extent  will  reach 
from  90  J.  14,  the  Solidity,  to  1728  the  Cube  of  the  Axis, 


1 


SlCT.  V. 


Of  the  Menfuration  of  Prifmes . 


,2  i, 


}  * 


APrifme  is  a  Solid  figure  contained  under  Planes  j  whereof  the  two  op = 
pofite  are  equal,  like ,  and^arallel  j  but  the  other  are  ‘Parallelograms • 
Eacl1d.Defin.13.  Lib. II, 

-  t  t  .  *  ■  *  '  .  :  •  *i  ,  :  '  !  * 

^  - 

1,  To  find  the  Solid  content  of  a  Triangular  Prif  me. 


Suppofe  a  piece  of  Timber  or  Stone  to  be  an  Equilateral  Triangle 

at  the  ends>  each  fide  thereof  being  2.25  foot,  and  the  length  of  the 

piece 


?ii 


N. 


/ 


Of  tk  MwfwMm  of  Prifwesl 

piece  17.  75  foor,  this  is  called  Fa  Triangular  Prifme. 

1.  Findche  content  of  the  Triangle  at  the  end  of  the  piece  fcby 
the  tenth  aforegoing  )  which  will  be  found  to  be  2.19.  Then  fay, 

As  1, 

Is  to  the  Area  of  theBafe: 

So  is  the  Length  of  the  Piece 
To  the  content  of  the  Piece  in  foot  meafurc. 

Extend  the  Compaffes  from  1  to  2. 19.  (  the  Content  of  the  Area 
of  the  Bafe  in  feet )  the  fame  extent  will  reach  from  17.75  (the 
length  of  the  piece  in  feet  )  to  38.  87,  the  content  of  the  Piece  in 
Feet. 


4 


-  |  I 

To  find  the  Sorii  Content  of  a  Regular  Solid^whofe  fide s  at  the  end 
thereof  are  equal,  and  more  than  3 .  As  4,  5,  6,  7,  8,  or  I  o,&c. 


tn 


Suppofea  Regular  Solid,  as  of  Timber  or  Stone,  the  Plane  at  the 

N ote,Tbe  Perpendiculars  ®?fe  0r  e"d  ,here?fr!iein3  a  Pentagon,  or 
-  tbefe  Regular  Polygons  Figure  of  5  equal  lides  and  Angles,  each 
may  be  found  exatt  enough  for  fide  being  12  inches,  or  one  foot,  and  the 
theje  fends  of  Menfurations  length  of  the  Solid  14  foor. 
by  taking  the  leaf  dijlance  1,  pjn(j  the  Content  of  the  Bafe  (  or  Pen- 

fides  of  the  Polygon.  1  '  at  the  end>  the  r •  kcond 

*  Section  beforegoing,  which  will  be  found  to 

be  1.725  foot,  the  Perpendicular . of  the  Pentagon  being  0.59  pares 
of  afoot;  "  Then  fay, 


As  1, 


Is  to  the  Content  of  the  Bafe  in  feet  1.725  * 
So  is  the  length  of  the  piece  14  foor, 

To  the  Content  of  the  Piece  in  feet  24. 15. 


Extend  the  Compgflcsfrom  1  to  1.725,  ( the  Content  of  the  Bafe) 
the  fame  extent  will  reach  from  14  foor,  the  length  of  the  Piece  to 
24.15.  the  Content  of  the  Piece  in  feer. 

And  in  the  fame  manner,  if  the  fide  of  an  O&agon  were  12  inches 
or  t  foot, the  Perpendicular  would  be  found  ro  be  1.64, and  the 
length  21,5  feet*the  Solidity  would  befound  to  be  103.20. 


Sec  t. 


s  . 


Sect.  VI. 


"  '  9 

Of  the  Menfuration  of  Pyr amides* 


APiramide  is  a  Solid  figure  comprehended  under  divers  Planes ,  fet  upon 
one  Plane ,  (  which  is  tkz  Bafe  of  the  Vyr  amide  )  an  i  gathered  together 
\  to  one  Point .  Euclid.  Lib^ai.  Defin.12. 

The  Bafesof  Pyramids  may  be  either  Triangles,  Squares,  Pentagons , 
Hexagons, &c. as  the  Prifmes  wpej  Wherefore  to  raealure  any  Pyramis, 
j  you  mull:  firft  find  the  Area,  or  Concent  of  the  Bafe,  and  then  fay, 


As  i, 

Is  to  the  Area  or  content  of  the  Bafe  2. 25  : 
So  is  one  third  part  of  die  height  15  feet, 

To  the  Solid  content  3  3*75  fee% 


r  Suppofc  a  Pyramis, whofe  Bafe  is  a  Square,*ach  fide  being  1 8  inches,, 
or  1.5  feet,  and  the  height  of  the  fame  Pyramis  were  45  leer,  and  ic 
were  required  to  find  the  Soiidity.The  Area  of  the  Bafe  by  the  fecond 
|  of  the  fifth  Se&ion  beforegoing,  will  be  found  to  be  2,25  feer. 

Extend  the  Compares  from  r,  to  2.2,5.  (  the  Content  of  the  Bale  ) 
the  fame  extent  will  reach  from  15.  (  one  third  part  of  the  height)  to 
33. 75.  the  Solid  content  of  the  Pyramid  in  feet. 

And  the  like  of  any  other. 


Sec  t.  VII. 

1  Of  the  Men  fixation  ofFrufiums  or  Segments  of  Pyramids  or  Cones.. 

T He  Solidity  of  every  Cone  or  Pyramid  is  found  by  multiplying 
the  Area  of  the  Bafe  (  of  what  form  foever)  into  one  third  pare 
;  of  the  Altitude  $  Therefore  in  a  Cone  whofe  Bafe  is  Circular,  and  the 
j  Diameter  of  that  Chcleis  in  Foot  meafure  2. 50, its  Area  will  be  found 
|  by  what  is  delivered  in  thcToregoing  Sections  to  be  4  9* 1?  and  ^-Alti¬ 
tude  5,6.25  foot ;  I  fay, 

Ay< 


of  the  Menfttnthn  tf  frufinm 


As  r, 

To  the  Area  of  the  Safe: 

So  is  one  third  of  the  Altitude 

To  the  Solid  Content.  .  v 

t  *  %  \  Vi .  •  -  •  '  •  •  .  <  .  -  +  •  »  ->* 

So  the  Area  of  the  Bafe  of  a  Cone  or  Pyramis  being  4. 91,  and  the 
Altitude  56.  .25,  the  Solid  Content  thereof  will  be  found  to  be  92. 06 
foot. 

Exend  the  Compaffes  from  1  to  4. 91  the  Area  of  the  B afe,  the  fame 
extent  (hall  reach  from  18.  77,  the  third  part  of  the  Altitude*  to 
92,  06.  the  Solid  Content  of  the  Cone  or  Pyramis. 

But  if  this  Cone  or  Pyramis  were  cut  off  at  18  foot  from  the  Grea¬ 
ter  end,  and  then  the  Leffer  Bafes  Area  (houid  be  found  to  be  in  foot 
meafnre  2.27.  what  (hall  the  Solidity  of  the  Fruftum  be }  And  in  this 
nature  do  mod  Timber  Trees  grow,  and  To  being  cutoff  ought  to  be 
meafured,  being  cither  Squared  or  Growing;  And  ho  greater 
Error  is  here  committed  in  theMeafuringof  T  n  cr,  it  being  in  this 
form,  than  by  the  vulgar  way  of  meafuring  fuch  Timber,  which  is, by 
finding  out  the  Square  in  the  Middle  of  the  Piece,  and  caking  of  that 
for  the  true  Square,  but  this  always  makes  the  Content  of  the  Piece  left 
than  it  is ;  The  Genuine  and  true  way  is  this. 

Multiply  the  Area  of  the  two  Bafes  together,  and  from  theProdu# 
extra#  the  Square  Root,  then  add  this  Root,  and  the  two  Area’s  toge¬ 
ther,  which  fum  multiplied  by  one  third  part  of  the  Length  of  the 
Fruftum  or  part  (hall  give  the  Solid  Content  of  that  piece.  ^ 

So  a  Piece  of  Stone  or  Timber  whofe  Area  at  one  end  is  4.  pi.  ( as 
in  the  former  Piece  )  and  at  the  Smallerend  2.  27,  and  its  length  18 
foot;  the  Solidify  by  the  former  Rule  will  be  found  to  be  63,48 
foot.  For, 

As  1, 

Is  to  the  Greater  Bafe  : 

So  is  the  Leffer  Bafe 
To  a  fourth  Number, 

Whofe  Square  Root  being  Extra#ed,  and  added  to  the  two  formei 
Area’s,  will  produce  another  number.  Then  fay, 


As  1 


, 

■  •  .  >M  .  .  -  ;  •  . 


or  Segment's  of  Pyramids  or  Cones . 


As  i, 

Is  to  this  number  laft  found  : 

So  is  one  third  of  the  length  of  the  Piece, 
To  the  Solid  Content  of  the  Piece. 


26 1 


Greater  Bafe 
Leffer  Bafe 


4  -91 
2-27 


Therefore  extend  the  Compares  from  1  to  4. 91  >  the  greater  Bafe, 
ae  fame  extent  (hall  reach  from  2.  27,  the  leffer  Bafe,  to  1 1.  1  f.  A 
aean  Proportional  between  1  and  11. 

5  will  be  found  to  be  3-  34>  which 
dded  ,to  the  other  two  Area’s  4.  91, 
nd 2.27,  (as is  done  in  the  Margin,) 
rill  produce  J0.5  2.  which  is  your  ocher 

umber  fought  for  :  Then,  f  , 

Extend  the  Compaffes  from  1  to  10.52,  the  fame  wih  reach  trom  6* 
the  third  part  of  18  the  Length,)  to  63, 12.  the  Solid  Content  of  the 

•iece  which  is  63  foot, and  half  a  quarter  of  a  foot. 

And  now  for  Proof  of  this  Work  to  be  true,  let  us  find  the  Solid  ir/ 
f  the  upper  or  leffer  part  of  the  whole  Cone  which  was  56.  25  foot 


Square  Root  ?  2  2  j. 

of  1 1. 15*  >  3  ' 


10—  r- 


The  Leffer  Bafe,  1 8  foot  being  cut  off  of  the  whole  Length  is  found 
be  2*  27,  and  18  being  taken  from  56.  25  the  whole  length,  there 
II  remain  38.25,  and  third  part  whereof  is  12.  75.  which  nwkipned 
2  27,  the  Bafe  produccth  28  94  for  the  Solidity  of  the  Leffer  Cone 
Pyramis,  and  this  being  added  to  63. 12.  the  Content  of  theFru- 
im  produceth  91.06.  the  which  is  equal  to  the  whole  Cone  or  *  y~ 
mis,  both  the  parts  equal  to  the  whole,  which  provech  the  Workto 

i  true. 


CHAP.  IV. 

1  * 

The  nfe  of  the  Line  of  Numbers  in  Gauging  o\ Feffels* 

rHe  Veflels  which  are  here  rasafured  are  fuppofed  to  be  Cylinders, 

or  reduced  unto  Cylinder?,  by  taking  the  mean  between  t  e  i* 

eter  at  the  Head  and  the  Diameter  at  the  Bongue,  after  toe  u 
“  Mm  uKvlnt 


a  6%  The  ufe  of  the  Line  tf  Numbers  in  Gauging, 


I .  Having  the  Diameter  and  the  length  of  a  V • ffel  with  the  Content  there¬ 
of ,  to  find  the  Gauge  point. 


Extend  the  Compares  in  the  Line  of  Numbers  to  half  the  diftanct 
between  the  Content  and  the  length  of  the  Veffel,  the  fame  extent  ml. 
reach  from  the  Diameter  to  the  Gauge  point. 


I  put  this  Propofitionfirft,  becaufe  thefe  kind  of  meafures  arenoi 

3,1  He^a"  Boldin  it  is  faid  that  a  Wine  Veffel  being  66  inches  ir 
!«>npt:h  and  38  inches  the  Diameter,  would  contain  3  24  Gallons, wnict 
if  it  be  true,  we  may  divide  the  fpace  between  324  and  66  into  twc 
edua!  carts,  and  the  middle  will  fall  about  146,  and  the  fame  exteni 
which  eacheth  from  3241014*,  will  reach  from  the  Diameter 
unto  17,  ij,  the  Gauge  point  for  a  Gallon  of  WmeorOyl  after  Low 

^ft'rhe  Hke'reafon  holdcth  for  the  like  meafure  in  all  other  places. 


a.  Having  the  mean  Diameter ,  and  the  length  of  a  H ejfel,  to  find  the  content 


Extend  the  Compaffes  from  the  Gauge-point  to  the  mean  Diame 
ter,  the  fame  extent  being  doubled,  fhall  give  the  diftance  from  thi 

length  to  the  content.  .  .  •  .  , 

So  the  mean  Diameter  of  a  Wine  Veffel  being  20  inches,  and  thi 
length  25  inches,  the  Content  will  be  found  to  be  34  Gallons  attei 

XjQftdoft  meafure,  .  -  •  # 

For  extend  the  Compaffes  from  17.15  unto  2°,  the  fame  extent  wil 

reach  from  23  unto  29/I 5, and  from  29, 1 5  unto  34.  , 

In  like  manner,  if  the  mean  Diameter  were  16  inches, and  the  Iengti 
the  Content  will  be  found  to  be  about  20  Gallons. 

For  the  fame  extent  which  reacheth  back  from  17? 1  5  un{0  *6,  wil 

reach  from  23  to  21,45,  and  from  21,45  unto  20.  , 

So  that  if  the  mean  Diameter  fhall  be  17  inches  and  15  Ccnteimc 
or  parts  of  100,  the  number  oi  inches  in  the  length  of  the  Vefle 
will  give  the  number  of  Gallons  contained  in  the  fame  Veffel:  d thi 
Diameter  fhall  be  more  or  lefs  than  17)  15,  the  Content  in  Gallon 
will  be  accordingly  more  or  lefs  than  the  length  in  inches. 


3.  Hmn 


Tht'ufe  of  the  Lines  in  Aflrotunty. 

3 .  Having  the  Diameter  and  Content,  ufin* t!™ 

Extend  the  Compares  from  the  Diameter  to  the  Gauge-point,  the 
ime  extent  being  doubled,  (hall  give  the  diftance  from  the  Content  to 

ie  length  of  theVeffel.  '  ,  « 

So  the  gauge-point  ftanding  as  before,  if  the  Diameter  be  38  inches, 

ad  the  Content  324  gallons  wine-meafure,  the  length  of  the  Vtffel 

ill  be  found  about  66  inches. 

4  Having  the  length  of  a  Hefei, and  the  Content ,  to  find  the  Diameter. 

Extend  the  Compaffes  to  half  the  diftance  between  the  length  and 
ie  Content,  the  fame  extent  (hall  reach  from  the  Gauge-point  to  the 

Sriength  being  66  inches,  and  the  Content  324  Gallons  wine 
itafure,  the  Gauge-point  ftanding  as  before,  the  Diameter  of  the  Vef- 
I  will  be  found  to  be  about  58  inches. 


CHAP.  V. 

ontainim  fuch  Agronomical  pmojitions  as  are  of  ordinary  ufe  in 
*  the  fratfice  of  Navigation. 

a .  To  find  the  Altitnde  of  the  San  by  the  (hadom  of  a  gnomon  fet  terpen- 
,  dicnkr  to  the  Horizon- 

j\  S  the  parts  of  the  fhadow, 

"a  are  to  the  parts  of  the  Gnomon  .* 

So  the  Tangent  of  4 $gr. 

To  the  Tangent  of  the  Altitude. 

Extend  the  Compaffes  in  the  Line  bf  Numbers,  from  the  parts  of 
elhadow  to  the  parts  of  the  Gnomon  •,  the  fame  extent  will  give 
diftance  from  the  Tangent  of  4S  lr-  t0  the  Tangent  of  me  Suns 

Sothe  Gnomon  being  3  6,  and  the  U»adow27,  the  Altitude  will  be 

Mm2  touno 
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found  to  be  36  gr.  52  m.  Or  the  Gnomon  being  27,  and  the  fhadow  3^ 
the  Altitude  will  be  found  co  be  53  gr.%  m.  Or  the  fliadow  being  20: 
sind  the  Gnomon  9,  the  Altitude  will  be  found  to  be  24  gr .  14  w.  as  it 
the  eighth  Proposition  of  the  life  of  the  Tangent-line. 

If  the  Gnomon  be  22.  and  the  Ihadow  13  5?  the  Altitude  is  $  gr 
1 5  m.  as  I  /hewed  before. 

2,  Having  the  difiance  of  the  Sun,  fron  the  next  F  quin'  &ial  point,  to  fiat 

hi 'i  declination* 

As  the  Radius  is  in  proportion, 

to'the  Sineof  the  Suns  greateft  declination  : 

So  the  5  ne  of  the  Suns  diihnce  from  the  next  Equino&i  <1  Point,, 
to  the  Sine  of  the  Declination  required. 

/ 

Extend  the  Compares  in  the  Line  of  Sines, from  90£r.to  23  ^.3^ » 
the  fame  extent  will  give  the  diftancc  from  the  Suns  place  unto  his  De 

clination. 

SotheSun  being  either  in  29  gr.  of  Taurus,  or  1  gr.  or  Aquarius,  0 
1  gr* of L?o,  or  29.gr.  of  Scorpio ,  that  is  59  gr.  diltanc  from  the  ncx 
Equino&ial  Point,  the  Declination  will  be  found  about  2©  gr. 

if  the  Sun  be  (o  near  the  Equino&ial  Point,  that  his  Declinatio 
fall  to  be  under  i^r.  it  may  be  found  by  the  Line  of  Numbers,  As  i 
the  Sun  were  in  2  gr.  5  m.  of  Aries, that  is  1 2, 5  m.  from  the  Equino&i 
al  Poinr,  the  former  extent  of  theCompa/Tcs  from  the  Sine  of  90 gr 
to  the  Sineof  23 gr.  %om.  will  reach  in  the^ine  of  Numbers fror 
125  unco  50,  which  /hews  the  Declination  to  be  about  50  w, 

3 .  Having  the  Latitude  of  the  place ,  and  the  De  clination  of  the  Sun)  t 

find  the  time  of  the  Suns  rifing  and  f etthg. 

As  the  Co-tangent  of  the  Latitude. 

co  the  Tangent  of  the  Suns  Declination  : 

So  is  the  Radius,  • 

to  the  Sine  & f  the  Aicentional  difference  betweeathe  hour  of  t 
and  the  time  of  the  Suns  rifing  or  fetting. 

Extend  the  Comp3ffes  from  the  Tangent  of  the  Complement  0 

tic  Latitude,  to  the  Tangent  of  the  Declination:  the  fame  exter 

wi 
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will  reach  from  the  Sine  of  90  deg.  to  the  Sine  of  the  Afcentional 

difference.  .  —  , 

Or  extend  the  Compaffes  from  the  Co- tangent  of  the  Latitude  to 
the  .Sine  of  90gr .  the  fame  extent  will  reach  from  the  Tangent  of  the 
Declination,  to  the  Sine  of  the  Afcentional  difference. 

So  the  Latitude  being  5 1  gr.  30  m.  Northward,  and  the  Declination 
30 gr*  the  difference  of  Afcenfion  will  be  found  to  be  27 gr,  i4»., 
which  refolded  into  hours  and  minutes,  doth  give  i.hour  and  almoft 
49  m.  for  the  difference  between  the  Suns  rifing  or  feccing,  and  the 
hour  of  6,  according  to  the  time  of  the  year.. 

4.  Having  the  Latitude  of  the  place ,  and  the  di fiance  of  the  Sm}from  the, 

v next  EquinoSliai p  int ,  tofiiA  his  Amplitude* 

k  -  \  - 

As  the  Co- fine  of  the  Latitude, 
to  the  Sine  of  the  Suns  greateft  Declination  %: 

So  the  Sine  of  the  place  of  the  Sun, 
to  the  Sine  of  the  Amplitude.. 

So  the  Latitude  bein^  51  deg .  30  m.  and  the  place  of  the  Sun  in  r 
deg .  of  Aquariusy that  is  ^drg.diftantfrom  the  next  Equino&ial  -point, 
the  Amplitude  will  be  found  about  33  deg, 20  m*  For  extend  the  Com- 
paffes  in  the  Line  of  Sines ,  from  38  deg.  30  m.  the  Sine  of  the  Com¬ 
plement  of  the  Latitude  unto  23  deg .  30  m*  the  Sine  of  the  Sans 
greateft  Declination  ;  the  fame  extent  will  reach  from  $9  deg .  unto. 3  > 
dgg.iom.  or  extend  them  from  38  deg.  sow.  unto  59  deg.  the  fame 
extent,  will  reach  from  23  30  w,  unto  33^.20  w,  as  before. 

*  AO 

5,  Having  the  Latitude  of  the  place,  and  the  Declination  of  the  Sun,,  to., 

find  his  Amplitude* 

As  the  Co- fine  of  the  Latitude, 

is  to  the  Radius;  C 

So  the  Sine  of  the  Declination,, 
to  the  Sine  of  the  Amplitude. 

Extend  the  Compares  from  the  Co- fine  of  the  Latitude  to  the  fine 
of  90 gr*  the  fame  extent  will  reach  from  the  Sine  of  the  Suns  Decli¬ 
nation  to  the  Sine  of  the  Amplitude. 

Or 
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Or  extend  them  from  the  Tangent  of  the  Latitude  to  the  Sine  of  the 
Declination,  the  fame  extent  will  reach  from  the  Sine  of  90  gr.  to  the 
Sine  of  the  Amplitude. 

Sothe  Latitude  being  51  gr.  30  m.  and  the  Declination  iegr.  the 
Amplitude  will  be  found  to  be  g  3  gr.  20  m. 

6.  Having  the  Latitude  of  the  place)  and  the  Declination  of  the  Sun ,  to 
find  the  time  when  the  San  cometh  to-be  due  Eaft  or  fVeft. 

As  theTangent  of  the  Latitude, 
is  to  the  Tangent  of  the  Declination : 

So  the  Radius 

to  the  Co-fine  of  the  hour  from  the  Meridian. 

Extend  the  Compares  from  the  Tangent  of  the  Latitude  the  Tan¬ 
gent  of  the  Declination,  the  fame  extent  will  reach  from  the  Line  of 
9°  gr.  to  the  Sine  of  the  Complement  of  the  hour. 

Or  extend  them  from  the  Tangent  of  the  Latitude  to  the  Sine  of  90 
gr,  the  fame  extent  will  reach  from  theTangent  of  the  Dcclinationto 
the  Sine  of  the  Complement  of  the  hour.- 

So  the  Latitude  being  5 1  gr,  3  ©  m.and  the  Declination  lo^r.the  Sun 
will  be  73  gr.  10  m.  that  is  4  hours,  and  $  3  m.  from  the  Meridian,when 
he  cometh  to  be  in  the  Eaft  or  Weft. 

f  •  ,  _ _  .  % 

7*  Having  the  Latitude  of  the  place^nd  the  Declination  of  the  Sunytofind 
what  Altitude  the  Sun  [hall  have^hen  he  cometh  to  be  dm  Eafl  or  Weft. 

As  the  Sine  of  the  Latitude, 
is  to  the  Sine  of  the  Declination : 

So  the  Radius, 

.  *0  the  Sine  of  the  Altitude. 

Extend  the  Compares  in  the  Line  of  Sines  from  the  Latitude  to  the 
Sine  of  the  Declination,  the  fame  extent  will  reach  from  the  Sine  of 
90 gr.  to  the  Sine  of  the  Altitude. 

Or  extend  them  from  the  Sine  of  the  Latitude  to  the  Sine  of  90  gr. 
the  fame  extent  will  reach  from  the  Sine  of  the  Declination  to  the  Sine 
of  the  Altitude. 

So  the  Latitude  being  51  gr.  30  m.  and  the  Declination  2ogr.  the 
Altitude  will  be  found  about  25  gr.  55  m.  8.  Having 
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j  8.  Having  the  Latitude  of  the  place ,  and  the  Dulinatkn  of  the  Sun,  to 
find  what  Altitude  the  Sm  (had  have  at  the  hour  of  fix. 


As  the  Radius  is  in  proportion, . 

to  the  Sine  of  the  Suns  Declination  : 
So  the  Sine  of  the  Latitude, 
to  the  Sine  of  the  Altitude. 


|  Extend  the  Compares  in  the  Line  of  Sines,  from  90  gr.  to  the  De¬ 
clination  5  the  fame  extent  will  reach  from  the  Latitude  to  the  Aki- 


I  tude. 

Or  extend  them  from  to  the  Latitude,  the  fame  extent  will 
hold  from  the  Declination  to  the  Altitude. 

So  the  Latitude  being  j  i  gr.  30  m.  and  the  Declination  of  the  Sun 
to  gr.  the  Altitude  of  the  Sun  will  be  found  to  be  about  i.y  gr.  3  0  m. 


A*  -  ' 

9.  Having  the  Latitude  of  the  place,  and  the  Declination  of  the  Sun ,  to 
!  find  what  Azimuth  the  Sun  [hall  have  at  the  hour  of  fix . 


As  the  Co- fine  of  the  Latitude, 
is  to  the  Radius : 

SotheCo-tangenc  of  the  Suns  Declination,  (ridian<» 

to  the  Tangent  of  the  Azimuth  from  the  North  part  of  the  Me- 


So  the  Latitude  being  51  gr.  30  m.  and  the  Declination  20  gr.  the 
I  Azimuth  will  be  found  to  be  77 gr.  1 4  «•  F°r  extcn(*  c^e  Compares 
in  the  Line  of  Sines,  from  3 S^r.  30  m.  to  9 o  gr.  the  fame  extent  will 
I  reach  from  the  Tangcntof  jogr.to  the  Tangent  of  77  gr,  14  m. 


I  v 

10. Havingthe  Latitude  of  the  place,  and  the  Declination  of  ttoe  Sun^nd 
the  Altitude  of  the  Sun ,  to  find  the  Azimuth . 

Firft,  Confider  the  Declination  of  the  Sun,  whether  it  be  toward 
the  North  or  the  South, (o  have  you  his  diftance  from  your  Pole  :  then 
i  add  this  diftance,  the  Complement  of  his  Altitude,  and  the  Comple* 
ment  of  your  Latitude,  all  three  together,  and  trom  half  she  fum  fub- 
traft  the  diftance  from  the  Pole,  and  note  the  difference. 


z6%  The  ufe  cf  the  Tim  of  sines  and  Tangents, 

1.  As  the  Radius  is  in  proportion, 

to  the  Co*  fine  of  the  Altitude  : 

So  the  Co- fine  of  the  Latitude, 
to  a  fourth  Sine, 

2,  As  this  fourth  Sin?,  , 

is  to  the  Sine  of  the  half  fum  s 

So  the  Sine  of  the  difference, 
to  a  feventh  Sine. 

Then  find  a  mean  proportional  between  this  feventh  Sine  and  the  Ra* 
dius,  this  mean  fhall  be  the  Sine  of  the  Complement  of  half  the  Azi¬ 
muth  from  the  North  part  of  the  Meridian. 

Suppofethc  Declinationof  the  Sun  being  known  by  the  time  of  the 
.year  to  be  20 gr.  Southward,  the  Altitude  above  the  Horizon  found  by 
obfervation  1 2  grB  and  the  Latitude  Northwards  5 1  gr,  30  m.  ic  were 
required  to  find  the  Azimuth. 

The  Declination  is  Southward,  and  therefore  the  diftancc  from  the 
Pole  no  gr%  then  turning  the  Altitude  and  Latitude  unto  their  Com¬ 
plements,  I  add  them  all  three  together,  and  from  halftbefum  fubtratt 
the  diftancefrom  the  Pole,  noting  the  difference  after  this  manner  : 


Declin. 

South 

20 gr.  0  m.  The  Diftarce 

1 1 ogr.  0  mi 

Altitude 

12  0  The  Complement 

78  0 

Latitude 

N 

5 1  30  The  Complement 

^  /  1 

38  30 

The  fum  of  all  three 

226  5® 

/ 

»• 

The  half  fum 

11 3  / 15 

\ 

The  difference 

3  J5 

This  done,  I  come  to  the  Staff,  and  extend  the  Compaffes  from  the 
Sineof  90  gr.  to  the  Sine  of  7 Sgr.  and  find  the  fqme  extent  to  reach 
from  the  Sine  of  38  gr.  30  m.  unco  37  gr*  3  0  m.  Or  if  1  extend  them 
fro  n  90  gr.  to  38 gr.  50  m.  the  fame  extent  doth  reach  from  78  ^r.unto 
.37  gr.  50  m.  which  Is  cue  fourth  Sine  required. 

Then  I  extend  the  Compaffes  sgair,  from  this  fourth  Sine  of  3jgr. 
30  m.  unto  the  Sine  of  the  half  fum  1 1.3  gr.  1 5  m.  that  is  to  the  Sine  ol 
66  gr.  (for  after  pigr.  theSneof  80  gr.  doth  ftand  for  a  Sine 

oi 
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of  IOC  gr.  and  the  Sine  of  70^.  for  a  Sine  of  ioogr.  and  fb  the  reft 
forthofe  which  are  their  Complements  to  i8ogr.  )  and  this  fecond  ex¬ 
tent  doth  reach  from  theSine  of  the  difference  3  gr.  15  *»■  to  the  Sine 
jof  4  gr.  54  m.  Or  if  I  extend  them  from  the  fourth  Sine  of  3  7  gr.  30  m. 
to  the  Sine  of  the  difference  3  gr.  15  m.  the  fame  extent  will  reach 
from  the  Sine  of  the  half  fumnsgr.  15  m.  unt04.gr.  J4  m.  which  is 
!tht  feventh  Sine  required. 

Laftly,  I  divide  the  fpace  between  this  feventh  Sine  of  4  gr.  H”- 
and  the  Sine  of  90  gr.  into  two  equal  parts,  and  I  find  the  mean  pro¬ 
portional  fide  to  fall  on  1 7  gr.  whofe  Complement  is  7  3  gr.  the  double 
of  7?  gr.  is  146.gr.  and  fuch  is  the  Azimuth  required. 

I  Or  having  found[the  feventh  Sine  to  be  4gr.  s4»».  I  might  look  over 
bgainfi  it,  in  the  Line  of  Per  ft  A  Sines,  and  there  Ifhould  find  146.gr, 
for  the  Azimuth  from  the  North  part  of  the  Meridian  ;  and  the  Com¬ 
plement  of  146  gr.  to  a  Semicircle  being  34 gr.  will  give  the  Azimuth 
from  the  South  part  of  the  Meridian. 

But  if  it  were  required  to  find  the  Azimuth  in  the  fame  Latitude  of 
51  gr.  30  Northward,  with  the  fame  Altitude  of  i2gr.and  like  Dedi¬ 
cation  of  2ogr.  to  the  Northward,  it  would  be  found  to  be  only  T2.gr, 
»2  m.  though  the  manner  of  work  be  the  fame  as  before. 

Declin.  North.  zogr.omi  The diflance  is  70  gr.  o m. 

Altitude  1 2  o  The  Complement  78  o 


Latitude  North,  ji  30  The  Complement  28  30 

The  fum  of  all  three  186  30 

The  half  fum  93  15 

The  difference  23 


Here  as  the  Radius  is  to  the  Sine  of  78  gr.  fo  the  Sire  of  38^.30 
a  the  Sine  of  37  gr.  30  w.  which  is  the  fourth  Sine,  and  the  fame  as 

efore.  t'.  .  . 

Then  as  this  fourth  Sine  of  37  gr-  30  w.  is  to  the  Sine  of  9 ? gr.  1  j  m. 
theSineof  ajgr.iyw.  to  the  Sine  of  40  gr.  20  m.  which  isthefe- 
nth  Sine. 

The  halfway  between  the  feventh  Sine  and  the  Sine  of  90  gr.  doth 
ill  at  J  ;gr,  34  w.  whofe  Complement  is  3  6gr.  2 6  m.  and  the  double 
f  that  is  72  gr,  52  m.  the  Azimuth  required.  _ 

Nn  Of 
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Or  I  may  find  dm  fame  Az'muth  -in  the  Line  of  Ter  fed  Sims ,  ove 
againll  tbs  feventh  Sine  of  40 gr.  20  m. 

II,  Having  the  Latitude  of  the  place ,  the  declination  of  the  Sm,  an, 
the  Altitude  of  the  Sun ,  to  find  the  hour  of  the  day. 

Add  the  Complement  of  the  Suns  Ahicude,  and  the  dillance  of  th 
Sun  from  die  Pole*  and  the  Complement  of  your  Latitude,  all  tire 
together,  and  from  half  the  fum  (ubflract  the  Complement  01  the  Ai 
utude,  and  note  the  difference. 

1  #  As  the  Radius  is  in  proportion  . 

to  the  Sine  of  the  Suns  dilbnce  from  the  Pole  ; 

So  she  Sine  of  the  Complement  of  the  Latitude,  J 

to  a  fourth  Sire. 

2 ,  As  this  fourth  Sine,  ^  v--: 

is  to  the  Sine  cf  the  half  fum; 

So  the  Sine  of  the  difference 
to  a  feventhSine. 

The  mean  proportional  between  this  fcvemli  Sine  and  the  Sinej 
90  gr.  will  be  the  Sine  of  the  Complement  of  half  the  hour  from  tl 

"  Thus  in  our  Latitude  of  5 1  gr.  30  m.  the  Declination  of  the  Sun  b 
ing20jrr.  Northward,  and  the  Altitude  12 gr.  I  might  and  the  Sun 
be  95^.  52  from  the  Meridian. 

Altitude  12 gr.  o  m.  The  Complement  is  0< 

Dcclin.  North  20  o  The  diff.  from  the  Pole  70  0 


Lathude 

51  30  The-Coroplementis 

38 

3a 

The  fum  of  all  three 

30 

j 

The  half  fum 

91 

IK 

The  difference 

15 

n 

Here  as  the  Radius,  is  to  the  Sine  of  70  gr. 

So  the  Sine  of  38^.  30  w.  to  the  Sine  of  3$  &r'  48 


ijt 
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As  this  Sine  of  1 5  £M8  m.  >s  to  the  Sine  0f95.gr.  15  »• 
SotheSineof  i5?r.is«w.  totheS1neof26.gr.  40m. 

The  half  way  between  this  feventh  Sine  of  26 gr.  40  «.  and  the  Sine 
f  9ogr.  doth  fall  at  42  gr- 4 »•  whofe  Complement  is  47  ^  S« 
ie  double  of  chat,  9  5^r.'S2  which  converted  into  hours,  doth  give 
hours  and  almoft  24  m.  from  the  Meridian.  ; 

Or  I  might  find  thefe  95  ^  52  m' 1B  the  Lme  of  Vtr^d  S  h 
gaioft  the  feventh  Sine  of  26 gr.  40  w. 


iz.^Avbg  the  Azimuth)  the  Sms  Altitude,  md  the  Declination,  to  find 
the  hour  of  the  day. 


As  the  Co  fine  of  the  Declination, 
is  to  the  Sine  of  the  Azimuth  : 
So  the  Co-fine  of  the  Altitude, 
to  the  Sine  of  the  hour. 


Thus  the  Declination  being  20.gr.  Southward,  the  Altitude !i* gr. 
id  the  Azimuth  found  by  the  tenth  Propofinon  146  gr.  I  might ^nd 
ie  time  to  be  35  gr.  3  6  m.  that  is  2  hours  22  m.  from  theMe.idian. 


13.  Having  the  hour  of  the  day,  the  Suns  Altitude,  and  the  Declination} 

to  find  the  Azimuth*  • 

As  the  Co-fine  of  the  Altitude, 
isto  the  Sine  of  the  hour: 

So  the  Co-fine  of  the  Declination, 
to  the  Sine  of  the  Azimuth. 


So  the  Altitude  of  the  Sun  being  12  gr.  and  the  g  . 

uthward,  and  the  Angle  of  the  hour  35  gr-  l6  m •  1  fii"cnilth  • 
t'muth  to  be  14  gr.  And  fo  it  is  if  it  be  reckoned  from  the  South, 
146  gr.  if  it  be  taken  from  the  North  part  of  theMeridian. 


14.  Having  the  difiance  of  the  Sm  from  the  next  EquimUial  point,  to 
find  his  right  A( eenfion. 

As  the  Radius,  .  . 

to  the  Co-fine  of  the  greatefl  Declination  2 

So  theTangentof  the  diftance, 

To  the  Tangent  of  the  right  Afcenfio^ 


So 
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So  the  Sun  being  in  thefirft  degree  of  ^Aquariuty  that  is  f 9  gr .  di- 
ftant  from  the  next  Equino&ial  point,  and  the  greateft  Declination! 
23 gr,  30  m.  the  right  Afcenfion  will  be  found  to  be  $6gr.$o  m,  fltort 
of  the  beginning  of  Aries,  and  therefore  s°3  14  m* 

15.  Having  the  Declination  of  the  Sun,  to  fad  hit  right  zAfcenfan, 

As  the  Tangent  of  the  greateft  Declination, 
is  to  the  Tangent  of  tfec  Declination  given : 

So  the  Radius 

to  the  Sine  of  the  right  Afcenfion.  * ' 

So  the  greateft  Declination  being  23  gr.  30  and  the  Declination 
of  the  Sun  given  20  gr,  the  right  Afccntion  will  be  found  about 
5  6  gr,  J  0  m, 

1 6.  Having  the  Longitude  and  Latitude  of  a  Star,  to  fad  the  right  Afcen* 

fan  of  that  Star, 

1 7.  To  fad  the  Declination  of  that  Star « 

•  * 

The  ftars  bate  little  or  no  alteration  In  their  Latitude,  in  their  Lon¬ 
gitude  they  move  forward,  about  1  gr,  25  m,  in  an  hundred  years.Thefe 
being  known, 

As  the  Radius,  (  point  s 

to  the  Sine  of  the  Stars  Longitude  from  the  next  Equino&ial 

So  the  Co-tangent  of  the  ftars  Latitude,, 
to  the  Tangent  of  a  fourth  Ark. 

Compare  this  fourth  Ark,  with  the  Ark  of  diftance  between  the 
Poles  of  the  world  and  of  the  Ecliptick.  If  the  Longitude  and  Lati¬ 
tude  ©f  the  Star  be  both  alike,  as  when  the  Longitude  falleth  to  be 
among  the  Northern  Signs,  tAriesyT aurm^Gemini,  Cancer ,  Leoy  Firgo, 
and  the  Latitude  is  North  from  the  Ecliptick;  or  the  Longitude  among 
the  Southern  figns,  Libra,  Scorpio ,  Sagitarim ,  Capricorn ,  ^Aquarius , 
Pifcesy  and  the  Latitude  Southward,  then  (hall  the  difference  between 
this  fourth  Ark  and  the  diftance  of  Poles,  be  your  fifth  Ark. 

But  if  the  Longitude  and  Latitude  Ihall  be  unlike,  as  the  Longitude 
m  a  Northern  fign,  and  the  Latitude  South*  or  the  Longitude  in  a 

Southern 


r 
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Southern  fign,  and  the  Latitude  North,  then  add  this  fourth  Ark 
to  the  diftance  of  both  Poles,  the  fura  of  both  fhall  be  your  fifth 
Ark.  And, 

As  the  Sine  of  the  fourth  Ark, 
to  the  Sine  of  the  fifth  Ark 

So  the  Tangent  of  the  ftars  Longitude,  (  no&ia!  points 

to  the  Tangent  of  the  ftars  right  Afcenfion,  from  the  next  Equi- 

As  the  Co- fine  of  the  fourth  Ark, 
to  the  Co-fine  of  the  fifth  Ark  .• 

So  the  Sine  of  the  ftars  Latitude, 

to  the  Sine  of  the  ftars  Declination* 

*  *  > 

II  A  K 

Then  for  proof  of  the  work,  if  there  be  no  former  error,  the  pro- 
[portion  will  hold. 

As  the  Co-fine  of  the  Latitude, 
tothe  Co-fine  of  the  right  Afcenfion  : 

So  the  Co- fine  of  the  Declination, 
tothe  Co- fine  of  the  Longitude. 

For  example, Take  the  upper  of  the  two  former  ftars  in  thefquare 
[of  the  little  bear,  which  fca-mcn  calltfie  Former  G Hard.  This  in  the 
year  165  5,  was  in  7  deg .  5 3  of  Leo9  and  fo  his  Longitude  from  the 
beginning  of  Libra  $  2  deg .  7  m.  But  his  Latitude  is  ftill  the  fame  72<£r« 
51  m.  Northwards.  Wherefore* 

II 

As  the  Sine  of  g®gr. 
is  to  the  Sine  of  5  2  gr .  22  m* 

So  is  the  Co- tangent  of  72 gr. 
to  the  T angent  of  13  gr.  44  w. 


Which  it  the  Fourth  Ark.Then  becaufe  the  Longitude  and  Latitude 
ire  bothNorthward.the  difference  between  this  fourth  Ark  and  13.^ 
1  m.  the  diftance  of  both  Poles  will  give  y  ou  9  gr.  47  m.  for  the  fifth 
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As  the  Sine  of  1 3  gr.  44  m. 

to  the  Sine  of  9gr*\7m. 

So  the  Tangent  of  52  gr.  22  ml 
to  the  Tangent  of  42 gr.  5 6  m. 


Which  is  the  right  Afcenfionof  thisftar,  from  the  beginning'of  W 
Ira,  but  222  gr,  5 6  m.  from  the  beginning  of  Aries. 


As  the  Co-fine  of  iigr.qqm. 

to  the  Co-line  of  9gr.  47  m. 
So  the  Sine  of  72 gr*  51  m. 
to  the  S  ne  of  7  5  gr.  46  m. 


Wuich  istheDecIinationof  this  liar  from  the  Fquator, 


As  the  Co -fine  of  72  gr.  51  m. 

to  the  Co. fine  of  42 gr.  56  m. 
So  the  Co-fine  of  75  gr.  4 6  nu 
to  the  Co-fine  of  52.gr.  7  m. 


Which  agreeing  fo  well  with  the  Longitude  of  the  ftarpropofcdh 
a  good  proof,  that  the  right  Afcenfion  and  Declination  were  truly 
found. 

Thefe  are  fuch  Agronomical  Propofitions,  as  I  take  to  be  ufeful  for 
Sea-men.  For  the  fir  ft  and  fecond  will  help  them  to  find  their  Lati¬ 
tude,  the  third  to  find  the  Suns  rifing  andfetting,  the  4,  5,6,7,  8,9, 
10, 13  Prop,  to  find  the  variation  of  their  Compafs,  the  11  and  12  Prop 
to  find  the  hour  of  the  day;  and  the  reft  toward  the  finding  of  th< 
hour  of  the  night.  For  having  the  Latitude  of  the  phee,  with  the  De¬ 
clination  and  Altitude  of  any  liar,  they  may  find  the  hour  of  the  fiai 
from  the  Meridian,  as  in  the  11  Prop.  Then  comparing  the  righ 
Afcenfion  of  the  ftar,  with  the  right  Afcenfion  of  the  Sun,  they  ma] 
have  to  the  hour  of  the  nighr. 

All  thefe  Propofitions,  and  fuch  others,  may  be  wrought  alfo  by  thi 
Table  of  Sines  and  Tangents*  For  where  four  Numbers  do  hold  ii 
proportion  5  as  the  firft  to  the  fecond,  fo  the  third  t®  the  fourth  5  theri 
if  we  multiply  the  fecond  into  the  third,  and  divide  the  Product  b; 
the  firil,  the  Quotient  will  give  the  fourth  required.  As  in  th< 
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example  of  theiS  Prop*  where  the  Declination  being  given,  it  was  re¬ 
quired  to  find  the  right  Afcenfion.  The  Tangent  of  20 gr.  the  Decli¬ 
nation  given  is  3639702,  which  being  multiplied  by  the  Radius?  the 
Produ&  is  36397020000000,  and  this  divided  by  4348i24>the  Tan- 
gent  of  23  gr.  30  m.  the  Quotient  is  8370741,  the  Sine  of  56 gr.  50  m. 
for  the  right  Afcenfion  required. 

Or  if  any  willufemy  Tables  of  Artificial  Sines  and  Tangents,  they 
may  add  the  fecond  and  third  together, and  from  the  fun  fubtraft:  the 
firlf,  the  remainder  will  give  the  fourth  required.  And  fo  my  Tangent 
of  20  gr.  is  9561,  c6>8,  which  being  added  to  the  Radius,  m.  k:s 
19561, 0658,  from  th'sif  they  fabtra'Cl  9^3  8,  3OI9>  the  Tangent  of 
23  gr .  30  w.thcy  fhall  find  the  remainder  to  be  9922,  7639,  wh  ch  in 
my  Canon  is  the  Sine  of  5  €  gr.  49  m*  5  6  feconds  ;  and  fuch  is  the  right 
Afcenfion  required,  if  it  be  reckoned  from  the  next  Equinoctial 
point. 

The  like  reafon  holdeth  for  all  other  Afironom'cal  Propoflciont, 
as  I  will  farther  fhew  by  thofe  two  examples  which  I  gave  oeiore,  tor 
the  finding  of  the  Azimuth  in  the  10  Prep .  becaufe  they  are  thought 
to  be  harder  than  the  reft,  and  require  three  operations* 


In  the  firft  Example * 


Declin.  South 

20  gr,  0  m.  The  diftance 

1 1 0  gr, 

.  0  m. 

Altitude 

12  0  The  Complement 

78 

0 

Latir.Norch 

51  30  The  Complement 

38 

30 

The  fum  of  all  three 

226 

30 

ft 

The  half  fum 

113 

15 

The  difference 

3 

15 

The  firft  operation  will  be  to  find  the  fourth  Si  le ;  and  that  is  done 
by  adding  the  Sine  of  the  Complement  of  the  Altitude  to  the  Sine  of 
the  Complement  of  the  Latitude,  and  fubtraCiing  the  Radius :  fo  ad¬ 
ding  9990, 4044  the  Sine  of  78 gr.  unto  9794*  T495  Slne  oF 
50  m.  the  fum  will  be  19784,  5  53  9*  And  the  Radius  being fubti  afted, 
the  remainder  97 84?  5539  the  fourth  Sine,  and  bdongevh  to 


37J7*  3°  w. 

The  fecond  operation  will  be  to 


find  the  feventh  Sine,  and  that  is 

done 


\ 
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done  by  adding  the  fine  of  the  half  fum  to  the  fine  of  the  difference,' 
and  fubtrafting  the  fourth  fine.  So  thehalf  fum  being  i*lgr.  15.  I 
take  his  Complement  to  a  Semi-circle,  and  fo  find  his  fine  to  be  966^, 
2 1  <58, to  which  I  add  8753,5278,  the  fine  of  the  difference  3gr.]i$m, 
and  the  fum  is  18716,  7446.  From  this  I  take  the  fourth  fine  9784, 
55  3P>  and  the  remainder  will  be  8932,1907,  which  is  the  feventh  line, 
and  belongeth  to  qgr. 54  m.  * 

The  third  operation  will  be  to  find  the  mean  proportional  fine  be¬ 
tween  the  feventh  fine  and  the  Radius.  This  in  common  Arithmctickis 
done  by  rtiulciplyingthetwoextreams,  and  taking  the  fquare  root  of 
theProduft.  As  in  finding  a  mean  proportional  between  4  and  9,  we 
multiply  4  into  9,  and  the  Produdf  is  36,  whofe  fquare  root  is  6,  the 
mean  proportional  between  4  and  9.  But  here  it  is  done  by  adding  the 
fine  and  the  Radius,  and  taking  the  half  of  them.  So  the  fum  of  the 
laft  feventh  fine  and  the  Radius  is  1S93  2,  1907,  and  thehalf  of  that 
9466,  0953,  which  is  the  mean  proportional  fine  required,  and  be¬ 
longeth  to  1 7  gr.  whofe  Complement  is  73  gr.  and  the  double  of  that 
1 4 6  gr.  the  fame  Azimuth  as  before. 


In  the  fecond  Example. 


Declin.  North  20  gr*  o»,  The  difiance 
Altitude  12  o  The  Complement 

Latitude  N.  51  30  The  Complement 


70  gr.  Oml 
78  o 

38  30 


The  fum  of  all  three  1 86  30 


Thehalf  fum  93  15 

•  The  difference  25  15 

Thefirft  operation  will  be  to  find  the  fourth  fine,  and  that  is  here 
9784,  5539,  as  in  the  former  Example. 

Toe  fecond  operation  will  be  to  find  the  feventh  fine;  and  fo  here 
the  fine  of  the  half  fum  93  gr.  15  m.  being  the  fame  with  the  fine  of 
86  gr. 45  m.  his  Complement  to  i8ojrr.  I  find  it  to  be  9999,  3009,  tb 
which  I  add  9596,  31531  the  fineofthe  difference  13^.15  w. and 
the  fum  is  19595, 61 62.  From  this  I  take  the  fourth  fine  9784, 5539, 
and  the  remainder  will  be  9811,05*3  for  the  fevtnth  fine,  and  be* 
longeth  to  40 gr.  20  m. 

The 
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Tfae  third  operation  will  be  to  find  the  mean  proportional  Sine  be¬ 
tween  the  feventh  Sine  and  the  Radius.  And  fo  here  the  Radius  being 
dded  to  the  feventh  Sine,  the  fum  will  be  19811,0623,  and  the  half  or 

hat'940*.  5311,  doth  give  the  mean  proportional  Sine  belonging  to 

bout  53  34*0.  whofe  Complement  is  $6  gr.  16m .  and  the  double 

f  that  7 igr.  52  m*  the  fame  Azimuth  ai  before. 

I  have  let  downthefe  three  Examples  thus  particularly,  that  I  might 
hew  the  agreement  between  the  St  a ffe  and  the  Ctnon*  But  otherwise  I 
debt  deliver  both  the  Precept  and  the  Work,  for  thetwolaft,  more 
ompendioufly.  For  generally  in  all  Spherical  Triangles,  where  three 
des  are  known,  and  an  Angle  required,  make  that  fide  which  is  oppo- 
te  to  the  Angle  required,  to  be  the  Bale ;  and  gather  the  (urn,  the  half 

m>and  the  difference  as  before, 

#  ' 

As  the  Reftangle  contained  under  the  Sines  of  the  Tides, 

is  to  the  Square  of  the  whole  Sine :  y;.  ,  ,fCdlff*^nfChe; 

So  the  Reft  angle  contained  under  the  Sines  of  the  half  fum  and  ttu 
to  the  fqaare  of  the  Co-fine  of  the  half  of  the  Angel. 

Then  for  the  work,  we  may  for  the  moil  part  leave  out  the  two  la  ft 
gures ;  and  if  they  be  about  50,  put  an  unite  to  the  fixth  place,  after 

lis  manner. 

The  feemd  Example, 


70  gr- 
78 

38 

0  m. 

0 

30 

9990 

9794 

40 

15 

(to - - — — 

186 

30 

19784 

55 

93 

9999 

30 

23 

15 

9*96 

32 

20000 

GO 

r""'  _ 

r+"  . 

n  - 

F-rr 

•  ■  ». 

39595 

62 

\  1 

y  t  ? 

19811 

°7 

3^ 

26 

9905 

S3 

72 

S2 

«  •  r  1 

O  0 


S3  gr.  34*»< 

107  8 


Or 
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Or  for  fbch  Numbers  as  arc  to  be  fubtra&ed,  I  may  take  them  out 
of  the  Radiuf,  and  writedown  the  reftdue,  and  then  add  them  toge¬ 
ther  with  tberefh  As  in  the  fame  fccond  Example,  the  Sines  of  78^. 
and  of  98  gr .  30m.  being  the  Numbers  to  be  fubtra&ed ;  if  I  take 
9990,  ^o44the  Sineof  78  gr.  out  of  the  Radius  10000,  0000, the 
rdidueis  9.  595 6  :  and  (o  the  rdidue  of  P794>  *4 95  i$.205*  8505, 
Wherefore  inftead  of  fubtra&ingthefe  Sines,  I  may  add  thefc  rcfiducs 
after  thi»  manner:  - 


70  gr,  e  m> 
78  o 
38  30 


9 

205 


59 

35 


l85 


30 


93 

2S 


J5 

*5 


9999 

9596 


go 

32 


36 

72 


26 


19811 

9905 


c  6 
53 


53^.34^ 
107  8 
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Having  thefe  means  to 
find  the  Suns  Azimuth,  we 
may  compare  it  with  the 
Magnetical  Azimuth,  and 
fo  find  the  variation  of  the 
Needle. 

For  let  the  Circle 
A  MB,  drawn  by  the  Cen¬ 
ter  Z,  be  a  Plane,  parallel 
to  the  Horizon;  A  the 
Point  whereon  the  Sun 
bears  from  us,  M  the  North 
point  of  the  Magnetical 
Needle,  and  the  Angle 
A  Z  M,  the  Magnetical 
Azimuth.  If  we  find  the 


$uns  Azimuth  as  fceforc,  to  be  72 gr,  5*  »•  fro0*  North  to  the 

-  Wcflwirdj 
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Veftward,  we  may  allow  fomany  gr.  from  AuntoN,  and  fowe  hav“ 
he  true  North  point  of  the  Meridian,  and  confcquently,  theEaft. 
nuth  and  Weft  Points  of  the  Horizon,  and  the  diftance  between  N 
ndM  fliall  be  the  variation  of  the  Needle.  So  that  if  the  Magnet, cal 
tzimuth  A  Z  M  fliall  be  84^.  7  m.  and  the  Suns  Azimuth  A  Z  N 
hr  <2  m  then  muft  N  Z  M  the  difference  between  the  two  Men- 
ianseivethe  variationto  be  1  x  gr.  i$  m.  as  Mr.  Borough  heretofore 
Bundftby  hisobfervationsat  Limehou(e  in  the  year  1580.  But  if  thc 
dagnetical  Azimuth  Z  Mfhall  be.79 gr.  Jm.  j>nd  ‘he  ^ns  Az  m* 

1  Z  N  7  a  ?r. « 1  w.  then  (hall  the  variation  N  Z  M  be  only  6gr.  15  w. 
I  have  fometimes  found  it  of  late.  Hereupon  I  enquired  after  the 
ace  where  Mr.  Borough  obferved,  and  went  to  Ltmehmft  with  fome 
:  mv  Friends,  and  toolc  with  us  a  Quadrant  of  three  foot  Semidiarae- 
r  and  two  Needles,  the  one  above  6  inches,  and  the  other  10  inches 
’  wt,ere  j  made  the  Semidiaraeter  of  my  Horizontal  Plane  A  Z 

feveral  parts  of  the  ground,  and  found  as  follow**  t 


tsilt. 

© 

A  Z  Jldu 

A  Z  N. 

v arUt . 

Gr . 

* 

Gr. 

m. 

* 

Gr . 

<jr ■ 

if/. 

rp 

9 

0 

82 

2 

75 

52 

6 

10 

18 

5 

80 

5® 

74 

44 

is 

6 

17 

34 

80 

0 

74 

6  1 

I  s 

54 

17 

0 

’  79 

15 

73 

20 

I5 

55 

1 6 

18 

78 

12 

72 

32 

5 

•40 

1 6 

0 

77 

50 

72 

10 

s 

40 

10 

20 

71 

2 

64 

49 

6 

13 

9 

2S 

70 

12 

64 

25 

s 

47 
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CHAP.  VI. 

Containing  fitch  nautical  queflions^  as  are  of  ordinary 
ufe3  concerning  Longitude 5  Latitude 5  Rutnby. 

and  Difiance . 

*  f  •  •  \  '  7  * 

I.  To  keep  an  account  of  the  Ships  way... 

T  He  way  that  the  Ship  maketh,  may  be  known  to  air 
old  Sea  man  by  experience,  by  others  it  may  be 
found  for  fome  fmall  proportion  of  time,, either  by  the 
Log  Line,  or  by  the  diftance  of  two  known  marks  on  the 

Ships  fide.  r  . 

The  time  in  which  it  maketh  this  way, may  oe  mcalured 
by  a  Watch,  or  by  a  Glafs,  or  by  the  Pulfe,  or  by  re¬ 
peating  a  certain  number  of  words.  Then  as  long  as 
the  wind  continueth  at  thefame  (lay,  it  followcth  by  pro¬ 
portion,  \  * 

As  the  time  given,  is  to  an  hour : 

So  the  way  made,  to  an  hours  way. 

Suppofe  the  time  to  be  1 5  feconds,  which  make  a  quar¬ 
ter  of  a  minute,  and  the  way  of  the  Ship,  88  feet :  then 
becaufe  there  are  3600  feconds  in  an  hour,  I  may  extend 
the  Compares*  in  the  Line  of  Numbers,  from  15  unto 
3600,  and  the  fame  extent  will  reach  from  88  unto 
21 120.  Or  I  may  extend  them  from  1 5  unto  88,  and  this 
exrent  will  reach  from  ^<5oo  unto  21 120,  according  to 
the  ordinary  work  in  Arithmetick, 

As  15,  unto  3600  : 

So  88,  unto  21-120. 

Which  fh^ws  that  an  hours  way  came  to  2 1  j-20  feet. 

But  this  were  an  unneceflary  bufinefs, to  hearken  after 
feet  or  fathoms.  It  fufficeth  our  Sea-men  to  find  the  way 
of  their  Ship  in  Leagues  or  Miles. 

And  they  fay  that  there  are  5  feet  in  a  pace,  1000  paces 

in  a  Mile, and  60  miles  in  a  degree,  and  therefore  30000c 

,  fees 


; 

'  ,  '■  •  '  y  A 
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feet  in  a  degree*  Yet  comparing  fcveral  obfervations,  and  their  mea- 
fares  with  our  feet  ufual  about  London ,  I  find  that  we  may  allow 
35200©  feet  to  a  degree  5  and  then  if  I  extend  the  Com  pa  (he s  in  the 
j  Line  of  Numbers  from  352000  unto  21 120,  Ifhall  find  the  fame  ex- 
I  tent  to  reach  from  20  Leagues,  the  mcafure  of  one  degree,  to  1,2, and 
from  60  miles  o  3,  6,  according  to  Arithmetic!^  which  {hews  the  hours 
way  to  be  1  league? and  2  tenths  of  a  league,  or  3  miles  and  6  tenths  of 
smile. 

^As  552000,  unto  2 1 120,: 

So  20, 00,  unto  r,  20. 
and  do,  00,  unto  3 r6o. 

But  to  avoid  thefe  fractions,  and  other  tedious  rcdu£fion$,I  fuppofe 
I  it  would  be  much  betrer  to  keep  this  account  of  the  Ships  way  (as 
alfoof  the  difference  of  Latitude,  and  the  difference  of  Longitude  ) 
j  by  deg.  and  parts  of  deg.  allowing  in  100  parts  to  each  deg.  which  we 
may  therefore  call  by  the  name  of  Ctntefms •  For  fo  doing  there  would 
be  fome  agreement  between  the  account  and  the  days  fayling.  Ordina* 
rily  the  {hip  goes  a  degree  in  a  day.  as  it  may  appear  by  comparing  fe- 
veral  Journals  to  the  Eaft  and  Weft  Indies.  The  time  of  paffage  be*  * 
tween  the  Lizard  and  the  Southerrooft  Cape  of  Africa?  is  commonly 
faid  tobe  about  3  months,  and  the  distance  is  not  much  different  from  - 

90  degrees.  - 

Again,  this  account  by  degrees  and  Centefms  would  be  more  exact  5  , 
and  the  addition,  fubtra&ion,  multiplication,  divifion  of  them  more 
cafie.  Neither  would  this  be  hard  to  conceive*  For, 

Cenleftns ,  JVIinutes^  Leagues* 

If  100  do  equal  60  and  20,  >  $ 

then  50  {hall  equal  30  and  io, 

j  and  5  -  be  equal*  3  and  x. 

And  fo  in  the  former  example  of  82  feet  in  15  feconds,  having  firll  ■* 
j  found  that  the  hours  way  is  about  2112©  feet. 

If  I  extend  the  Compares  from  35200,0,  unto  21120,  as  before, 

I  {hall  find  the  fame  extent  to  reach  from  100  urn©  6,  as  before,  which 
{hews  that  the4iours  way  required  is  6  Cent*  fuch  as  ioo  do  make  a 
degree,  and  5  do  make  an  ordinary  league. 

This  might  alfo  be  done  at  one  operation*  For  upon  thefe  fuppoU- 
j  tions,  divide  44  feet  into  45  lengths,  andfetas  many  of  themasyou 
may  conveniently  between  two  marks  on  the  {hips  fide,  ^nd  note  the 
feconds  of  the  time  in  which  the  ihip  goeth  thefe  lengths,  fothe  pro* 

I  portion  will  hold, .  ;  M 


alz  "Tbifctf  tk  Limof  si«et  hi  ftngmf. 

As  the  feconds,  to  the  lengths : 

So  i  hour, unto  the  Gentefms. 

The  lengths  divided  by  the  time,  Uiali  give  the  Cent .  which  the  Ibip 
goeth  in  an  hour.  1 

Suppofe  the  diftancc  between  the  two  marks  to  be  60  lengths(which 
arc  58  feet  and  8  inches )  and  let  the  time  be  12  feconds :  extend  the 
Compaffes  from  12  to  1,  in  the  Line  of  Numbers  ;  fo  the  fame  extent 
will  reach  from  60  unto  y.  Or  extend  them  from  12  unto  60 ,  and  the 
fame  extent  will  reach  from  1  unto  5 .  This  (hews  that  the  fhips  way 
is  according  to  5  Cent .  in  an  hour. 

This  may  be  found  yet  more  eafily,if  the  Log-line  fhall  befitted  to 
the  time.  As  if  the  time  be  45  feconds,  the  Log- line  may  have  a  knot  at 
the  end  of  every  44  feetjthen  doth  the  fhip  run  fo  manyCV»M*n  an  hour 
as  there  are  knots  vercdouc  in  thefpace  of  45  feconds.If  30  feconds  do 
fee  m  to  be  a  more  convenient  time,  the  Log-line  may  have  a  knot  at  the 
end  of  every  29  feet  and  4  inches;  and  then  alfo  the  Cent.mW  be  as 
many  as  the  knot* :  Or  if  the  knots  be  made  to  any  fet  number  of  feet, 
the  time  may  be  fitted  unto  the  diftance.  As  if  the  knots  be  made  at 
the  end  of  every  24 feet?  the  Glafs  may  be  made  24  feconds, and  fome- 
what  more  than  an  half  of  a  fecond,  and  fo  chefe  knots  will  fhew  the 
Cent,  If  there  be  $  knots  vered  out  in  a  Glafs,  then  $  Cenr.  if  6  knots, 
then  the  (hip  goeth  6  Cent,  in  the  fpace  of  an  hour,  and  fo  in  the  reft. 
For  upon  thisfuppofition,  the  proportion  between  the  time  and  the 
feet  will  be  as  4y  unto  44.  But  according  to  the  common  fuppofition, 
it  fliould  feem  to  be  as  4  j  unto  $ 7s,  or  inleflertermsjas  6  untoy. 

Thofe  which  are  upon  the  place  may  make  proof  of  both,  and 
follow  that  which  agrees  beft  with  their  experience. 

2.  By  the  Latitude  and  difference  of  Longitude,  to  find  the  difiance  upon  a 
courfe  of  Eaft  and  Weft, 

As  the  Sine  of  90 gr. 

fo  the  Co-fine  of  the  Latitude  s 
So  the  difference  Qf  Longitude  at  the  Equator* 
to  the  diltance  required  on  the  parallel. 

(  •  '1.  »  « y 

Extend  we  Compaffes  from  the  Sine  of  90  gr,  unto  the  Sine  of  the 
Complement  of  the  Latitude;  the  fame  extent  iliall  reach  in  the  Line 
of  Numbers,  from  the  difference  of  Longitude  to  the  dirtance. 

,  So 


ilmoft  12  Leagues  andi.  if  the  meafure  be  17 1,  as  in  the  Spani/B> 
Charts,  then  fomewhat  lefs  than  1 1  Leagues  failing  upon  this  parallel* 
vill  give  an  alteration  of  one  degree  ©f  Longitude* 

3*  By  the  Latitude  and  diftance  upon  a  awr ft  of  Eaft  or  Weft>  to  find  the 
difference  of  Longitude* 

If  the  diftance  be  given  in  Leagues  or  Miles,  reduce  them  into  Ccn~ 
:efras,  then  will  the  proportion  hold. 


. 


•  • 
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So  the  mea fare  of  one  degree  in  the  Equator  being  ioo  Cenu  the 
diftance  belonging  to  one  deg .  of  Longitude  in  the  Latitude  of  51  gr* 
30  m,  will  be  found  about  62  Cent,  and  ?r 

Or  if  the  meafure  of  a  degree  be  60  miles,  the  diftance  will  be 
found  about  37  miles  andj.  If  the  meafure  be  20 Leagues,  then 


' 


1 ' 
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As  the  Co*  fine  of  the  Latitude, 
to  the  Sine  of  90  gr 
So  the  diftance  on  the  Parallel 
to  the  difference  of  Longitude.' 

Extend  the  Compafles  from  the  Sine  of  the  Complement  of  the  La¬ 
titude,  to  the  Sine  of  9  ogr.  the  fame  extent  will  reach  in  the  Une  of 
Numbers  from  the  diftance  to  the  difference  of  Longitude. 

So  the  diftance  upon  a  courfe  of  Eaftor  Weft,  in  the  Latitude  of 
51  gr.  30  m.  being  100  Cent,  the  difference  of  Longitude  will  be 
found  1 ,60 ,  whichmake  one  degree  and  60  Cent,  or  1  gr,  3  6  m. 

Or  if  it  be  60  miles,  the  difference  of  Longitude  will  be  96, which 
alfo  make  1  gr.  3  6  m.  as  before. 

4 .7 he  Longitude  and  Latitude  of  two  places  being  gheny  to  find  the  Rumb 
leading  from  the  one  to  the  other. 

As  the  difference  of  Latitude, 
to  the  difference  of  Longitude: 
x  c  So  the  Tangent  of  4 $  gr, 

to  the  Tangent  of  the  common  Rumb. 

Extend  the  Compafles  in  the  Line  of  Numbers  from  the  difference 
>  of  Latitndesto  the  difference'  of  Longitudes  ;  the  fame  extent  will 
give  the  diftance  from  the  Tangent  of  4  5  gr.  unto  the  Tangent  of  the 
Rumb,  according  to  the  Proje&ion  of  the  Common  Sea-charr. 

So  the  Latitudeof  the  firft  place  being  50  gr .  the  Latitude  of  the 
fecond  5  tgr.  30  m.  and  the  difference  of  Longitude  6  gr.  the  Rumb 
will  be  found  to  be  about  67  gr .  23  *».  -which  is  near  the  inclination 
of  the  fixth  Rumb  to  the  Meridian.  But  this  Rumb  fo  found  is  always 
greater  than  it  fhould  be,  and  therefore  to  be  limited ;  which  may  be 
done  fuff  ciently  far  the  Sea-mans  ufc,  after  this  manner : 

y  •  v  ^  t  ,  r  —  -‘.A 

Asthe Sineof  90^. 

to  the  Co- fine  of  the  middle  Latitude  s 
'  So  the  Tangent  of  the  common  Rumb 
to  the  Tangent  -of  the  Rumb  required. 


Extend 


Sim  and  Tangents  in  Tfyvigafm.  2% 

Extend  the  Compaffes  either  from  the  Sine  of  9°  gr-  unto  the  Sine 

f  the  Complement  of  the  middle  Latitude,  the  fame  extent  will  reach 

rom  the  Tangent  of  the  Rumb  before  found,  unto  the  Tangent  of  the 

°Or  elfc  extend  them  from  the  Sine  of  9°£r-  unto  the  Tangent  of  the 
tumb  before  found ;  the  fame  extent  will  reach  from  the  Sine  of  the 
Complement  of  the  middle  Latitude,  unto  the  Tangent  of  the  Rumb 

"so  the  middle  Latitude  between  jogr.  and  52  gr.30  m.  being  51  gr. 
%  m.  and  the  Rumb  before  found  6jgr.  23  »•  the  Rumb  limited  will 
«  found  to  be  about  56  gr.  2©  m.  which  is  but  5  more  than  the  in- 

Iinationof  the  fifth  Rumb  to  the  Meridian.  . 

If  any  pleafe  to  work  by  the  Camn,  he  may  joynboth  thefeinone 
peration. 

At  the  difference  of  Latitude, 
to  the  difference  of  Longitude  t 
So  the  Co-fine  of  the  middle  Latitude^ 

to  the  Tangent  of  the  Rumb  required. 

2.  Thit  Rumb  may  be  found  by  the  help  of  the  Meridian  Line  upon 
be  Staff.  For  if  I  take  the  difference  of  Latitude  out  of  the  MmdU» 
bte From  SO  er.  unto  5  igr.  30  m.  andmeafure  it  in  his  Equmoftiaf, 
r  at  the  beginning  of  the  Meridian  Line,  l  fhall  find  it  there  to  e 
aualto4  Jr  which  may  be  called  the  difference  of  the  Latitude  m- 
?rged.  Wherefore  I  work  as  if  the  difference  of  Latitude  were  4gr. 

As  the  difference  of  Latitude  inlarged, 

to  the  difference  of  Longitude : 

So  the  Tangent  of  4?  gr-  . 

to  the  Tangent  of  the  Rumb  required. 

And  extend  the  Compaffes  in  the  Line  of  Nnmb««  from  4  unto  6  : 
fhall  I  find  the  fame  extent  to  reach  from  the  Ta  ge  of  4S  & 
itothe  Tangent  of  56  gr.  20  m.  and  this  is  the  inclination  of  the 

a  mb  required. 


PP 


A 
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6*  By  the  Rumb  and  both  Latitudes^  to  find  the  difiance  upon  the  Rttmh .  x 

As  the  Co*  fine  of  the  Rumb  from  the  Meridian, 

'  to  the  Sine  of  9°£r* 

So  the  difference  between  both  Latitudes* 

to  the  diftancc  upon  the  Rumb.  * 

Extend  the  Compaffes  from  the  Sine  ©f  the  Complement  of  the 
Rumb.unto  the  Sine  of  po^.the  fame  extent  in  the  Line  of  Number! 
fbalS  reach  from  the  difference  of  Latitude  unto  the  diftance  upor 

th  So  the  Latitude  of  the  firft  place  being  50  gr.  the  Latitude  of  the 
fccond  52 gr.  3®  »•  and  the  Rumb  the  fifth  from  the  Meridian.  If 

extend  the  Corapaffes  from  3  3  gr.  4S *»•  um0  the  Sine  ?°&r- 1 01911 
find  the  fame  extent  in  the  Line  of  Number*  to  reach  from  2gr.  5c 

Cent*  to  50  Cent .  and  fuch  is  the  diftance  required. 

By  the  difiance  and  both  Latitudes  to  find  the  Rumb.  • 


As  the  diftance  on  the  Rumb, 

to  the  difference  between  both  Latitudes : 

So  the  Sine  ©f  90m  ...  , 

10  the  Co*  fine  of  the  Rumb  from  the  Meridian,, 


•  Extend  the  Corapaffes  in  the  Line  of  Numbers  from  the  diftano 
two  the  difference  of  Latitudes;  the  fame  extent  will  reach  mth< 
line  of  Sines  from  9c  gr.  unto  the  Complement  of  the  Rumb. 

So  the  one  place  being  in  the  Latitude  of  50  gr.  the  other  inth 
latitude  of  52 gr.  30  w.  and  the  diftance  between  them  4gr.  jo«»/ 
If  I  extend  the  Compares  from  4-5°  unto  2.  50  « '  .the  Line  ofNum 
bers.  1  fiiall  find  the  fame  extent  to  reach  from  the  Sine  of  9°gr.um 
the  Complement  of  56  gr.  i$m.  and  fuch  n  the  inclination  of  «' 

Bumb  required® 


Sines  and  Tangents  ih  Navigation*  2§7 

8.  tym  Latitude,  Rumb, and  difiance,to  find  the  difference  of  Latitudes. 

As  the  Sine  of  90  £?•  „  .  w  ... 

to  the  Co-fine  of  the  Rumb  from  the  Meridian : 

Sothediftanceupon  theRumb, 
tp  the  difference  between  both  Latitudes. 

Extend  the  Compaffes  in  the  Line  of  Sines,  from  po  ifnnto  ihs 

Wementof  theRumb,  the  fame  extent  «n  theL.ne  of  Numbers, 

JS  from  the  diftance,  unto  the  difference  ot  L^udes. 

r  u  luce#*  T  orifiidp  heina  and  the  diitance  4^*  5  t*  * 

S°  ',t  fifth  Rumb  fromThe  Meridian :  If  I  extend  the  Compaffes 
ipon  the  firth  Kumo  K  ,  fl^n  find  the  fame  extent  to 

eachfrom 4! fo fn  the  Line  If  Numbers  urn*  *  J® ,  and  therefore 
ihcfccond  Latitude  to  be  5  a  gr.  30  m. 

9.B,  the  E*mh  and  both  Latitudes,  to  find  the  difference  of  Longitude. 

AVobtehlTa8negen°tfof5the  Rumb  from  the  Meridian  , 

S°  to  Ihe  difference  of  Longitude  in  the  common  Sea- chart. 

Extend  the  Compaffes  from  tbe.TaYfhn'nfheLme  ofNambS"  rom 
Rumb  the  fifth  from  the  er‘  ian  ‘  j  ftalj  find  the  fame  extent  to 

sShsli  “bich  “ 

done  fufficiently  for  the  Sea-  mens  ufe  after  this  manner . 

As  the  Co- fine  of  the  middle  Latitude, 

s<s-th"r‘ 

to  the  difference  of  Longitude  ‘n*arge®* .  .  Extend 

1  ¥  P  «  »- 
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Extend  the  Compaffes  from  the  Sine  of  the  Complement  of  the 
middle  Latitude,  unto  the  Sine  of  9°  £r.  the  fame  will  reach  in  the 
Line  of  Numbers  from  the  differenceoi  Longitude  before  found, unto 
the  difference  of  Longitude  inlarged. 

So  the  middle  Latitude  in  this  example  being  yijp*.  15^*  and  the 
difference  of  Longitude  before  found,  3gr’75  difference  of 

Longitude  inlarged  will  be  found  about  5  gr>  99  On^*  which  are 
near  6 gr% 

If  any  ple&fe  to  work  by  the  Camny  he  may  joyn  both  thefe  in  one 
operation. 

AstheCo  fine  of  the  middle  Latitude, 

to  the  Tangent  of  the  Rumb  from  the  Meridian ; 

So  the  difference  of  Latitude, 

to  the  difference  of  Longitude  required. 

2.  Tl  i»  difference  of  Longitude  may  be  found  by  help  of  the  Me¬ 
ridian  Line  upon  the  Staff.  For  if  I  take  the  proper  difference  of  La¬ 
titude  out  of  the  Meridian  Line,  and  meafure  it  in  his  Equino&ial,  or 
at  the  beginning  of  the  Meridian  Line, I  fliall  find  the  Latitude  inlarged 
to  be  equal  to  four  of  thofe  degrees. 

As  the  Tangent  of 

to  the  Tangent  of  the  Rumb  from  the  Meridian  v 
[  So  the  difference  of  Latitude  inlarged, 
to  the  difference  of  Longitude  required. 

Wherefore  having  extended  the  Compares,  as  before,  from  the 
Tangent  of  4  $gr.  unto  the  Tangent  of  56  gr.  150*.  the  fame  extent 
will  reach  from  400  in  the  Line  of  Numbers,  unto  5. 99,  which  (hews 
chedifferenceof  Longitude  to  be  about  5  gr.  99  Cent*  or  about  half  a 
minute  fhort  of  6  degrees. 

I©.  By  th?  Rumb  and  both  Latitudes ,  to  find  the  diflance>  belonging  to  the 
Chart  of  Mercators  Trojcftion* 

Take  the  proper  difference  of  Latitudes  out  of  the  Meridian  Line 
©f  the  Chart,  and  meafure  it  in  hisEquino&iahor  one  of  the  Parallels, 
and  it  will  there  give  the  difference  of  Latitude  inlarged* 


I 
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As  the  Co-fine  of  the  Rumb  from  the  Meridian, 
to  the  Co-fine  of  9®gr* 

So  the  difference  between  both  Latitudes, 
to  the  diftance  upon  the  Rumb. 


■\ 


Then  extend  thrCompafies  from  the  Sine  of  the  Complement  of 
the  Rumb  unto  the  Sine  of  90  gr.  the  fame  extent  will  reach  in  the 
!  Line  of  Numbers,  from  the  Latitude  inlarged,  unto  the  diftance  re¬ 
quired.*  Or  extend  them  from  the  Complement  of  the  Rumb  to  the 
'Latitude  inlarged,  the  fame  extent  will  reach  from  90  gr .  unto  the 
Idiftance. 

For  example,  Let  the  place  given  be  A,  in  the  Latitude  of  50  gr .  D, 
in  the  Latitude  of  52  gr.  30  m.  AM  the  difference  of  Latitudes,  and 
the  Rumb  MAD  the  fifth  from  the  Meridian.  Firft,!  take  out  A  M, 
the  difference  of  Latitudes,  and  meafureitin  AE,  one  of  the  Parallels 
of  the  Equinoftial  5 1  find  it  to  be  very  near  4 gr.  this  is  the  difference 
off  Latitudes  inlarged.  Then  if  I  extend  the  Compaffes  from  the  Sine 
I  of  3  3  gr.  45  m.  the  Complement  of  the  fifth  Rumb, unto  the  Sine  90  gr. 

I  fhall  find  the  fame  extent  to  reach  in  the  Line  of  Numbers,  from  400 
untoy.  20,  And  this  is  the  diftance  belonging  to  the  Chart.  Where- 
Ifore  I  take  out  thefe  7  gr .  20  Cent .  out  of  the  Scale  of  the  Parallel 
AE,  and  prick  it  down  upon  the  Rumb  from  A  unto  D,  where  it 
meeteth  with  the  Parallel  of  the  fecond  Latitude.Laftly,  I  meafure  it  in 
the  Meridian  Line,  fetting  one  foot  of  the  Compaffes  as  much  below  ' 
the  leffer  Latitude,  as  the  other  above  the  greater  Latitude,  and  find  it 
to  be  4 ^r.  50  Cent*  which  is  the  fame  diftance  that  I  found  before  in 
the  5  Prop . 

|  .  Y  . 

I  ii.  By  the  way  of  the  (hip,  and  two  Angles  of  pofition ,  to  find  the  difiance 
between  the  Ship  and  the  Land . 


The  way  ofthe  Ship  may  be  known  as  in  the  firft  Prop.  The  Angles 
Imaybe  obferved  either  by  the  Staff,  or  by  a  Needle  fci  on  the  Staff. 
For  example,  fuppofe  that  being  at  A,  I  had  fight  of  the  Land  at  B, 
the  Ship  going  Ealt  Northeaft  from  A  toward  C,  and  the  Angle  of 
the  Ships  Pofition  B  AC  being43£r.  20  m.  and  after  that  the  Ship 
had  made  10  or  two  Leagues  of  way  from  A  unto  D,  I  ob¬ 
served 


~  %po  the  ufe  of  the  Lines  of 

ferved  again,  and  found  the  fecond  Angle  of  the  Ships  PofitionB  D  C 
to  be  58^.  or  the  inward  Angle  BDA,  to  be  r iz  dog*  then  any  I 
find  the  third  Angle  A  B  J>,  tobe  14  deg,  40 m. either  by  Subtra&ion, 
or  by  Complement  unto  180 grf 


In  this  and  the  li  ke  cafes,!  have  a  right  Line  Triangle,  in  which  then 
is  one  fide  and  three  Angles  known,  and  it  is  required  to  find  the  othei 
two  Tides,  and  the  Canon  for  it  is  this  .* 

As  the  Sine  of  an  Angle  oppofite  to  the  known  fide, 
is  to  chat  known  fide  : 

So  the  Sine  of  the  Angle  oppofite  to  the  fide  required, 
is  to  the  fide  required. 


Wherefore  I  extend  theCompaffcs  from  r^gr.  40  m.  in  the  Sines 
to  10  in  the  Line  of  Numbers,  and  this  extent  doth  reach  from  58^ 
to  S3  I,  and  fuch  is  the  diftance  between  A  and  B,  and  it  reacheth  fron 
43  gr-  20  m.  unto  27  in  the  Line  of  Numbers  $  and  fuch  is  the  diftanc 
from  D  to  B. 

Thefe  two  difiances  being  known,  I  may  fet  out  the  Land  upon  th 

y  Chari 


Sines  and  tangents  in  Navigation*  *  '  i$\ 

Chart.  For  having  fee  down  the  way  of  the  Ship,  from  A  to  D,  by 
that  which  I  ilhewed  before  in  the  ufe  of  the  Meridian  Line,  I  may  by 
the  fame  reafon  fee  off  the  diftance  A  B  and  D  B, which  meeting  in  the 
Point  B,  (hall  there  referable  the  Land  required, 

12.  By  kpowingthe  diftance  between  two  places  on  the  Land,  and  how  they 
hear  one  from  the  other ,  and  having  the  Angles  of  V  option  at  the  Ship) 
to  find  the  diftance  between  the  Ship  and  the  Land . 

If  it  maybe  conveniently,  let  the  Angle  of  Pofition  be  obferved 
latfuch  time  as  the  Ship  cocneth  to  be  right  over  againftoncof  the 
places.  As  if  the  places  be  Eift  and  Weft,  feck  to  bring  one  of  them 
South  or  North  from  you,  and  then  obferve  the  Angle  of  Pofition,  fo 
fiiallyou  have  a  right  Line  Triangle,  with  one  fide  and  three  Angles, 
whereby  to  find  the  two  other  fides.  Firft,  you  have  the  Angle 
or  Pofition  at  the  Ship,  then  a  right  Angle  at  the  place  that  is  over 
|  againft  you,  and  the  third  Angle  at  the  other  place  is  the  Complement 
to  the  Angle  of  Pofition.  Wherefore, 

As  the  Sine  of  the  Angle  of  Pofuion, 
is  to  the  diftance  between  the  two  places  t  *  ,v 
j  So  the  Co*fine  of  the  Ang  1c  of  Pofition, 

to  the  diftance  between  the  Ship  and  the  nearer  place. 

And  fo  is  the  Sine  of  90^. 
to  the  diftance  from  the  Ship  to  the  farther  place : 

,  .  ■  *  .  -  >  v 

So  the  places  being  15  Cent .  or  threfc.Leagues  one  from  the  other, 
md  the  Angle  of  Pofition  29  gr.  the  nearer  diftance  will  be  found 
about  72  Cent .  and  the  further  diftance  about  3 1  Cent . 

Or  howfoever  the  Angle  of  Pofition  were  obferved,  the  diftance 
Ibctween  the  Ship  and  the  Land  may  be  found  generally  as  in  this 
lexamplc: 

Suppofe  A  and  D  were  two  head  Lands  known  to  be  Eaft  Northeaft, 
and  WeftSouthweft,  10  Cent,  or  two  Leagues  one  From  the  other ; 
land  that  the  Ship  being  at  B,  I  obferved  the  Angle  of  the  Ships  Pofi- 
jtion  DBA,  and  found  it  to  be  14  gr.  40  and  that  D  did  bear  9  gr0 
30  w.and  A  24.gr,  iow.  from  the  Meridian  B  S,  this  example  would 
be  like  the  former.  For  if  the  Angle  S  B  D  be  pgr.  30  m.  from  the 

South  to  the  Wcftward,  then  fluli  NDB  be  pgr.  10  m,  from  the 

North 


Zp.Z 


Theufeef  the  Ltm  ef 


North  to  the  Eaftward.  Take  thefe  9^.30  w.out  of  the  Angle  N  DE, 
which  is  67  gr.  30  m,  becaufe  the  two  head  Lands  lie  Eaft  Northeaft, 
and  there  will  remain  58^.  for  the  Angle  B  D  E,  and  the  inward  An* 
gle  B  D  A  out  of  1 80 gr.  Take  thefc  two  Angles  A  B  D  and  B  D  A 
out  of  i8o^r.  and  there  will  remain  43  gr.  2 om.  for  the  third  Angle 
B  A  D.  Wherefore  here  alfo  are  three  Angles  and  one  fide,  by  which 
I  may  find  the  two  other  fides,  as  i»  the  laft  Prof, 

Thefe  Proportions  thus  wrought  by  the  Staff,  are  fuch  as  I  thought 
to  beufeful  for  Sea-men,  and  thofe  that  are  skilful  may  apply  the  ex¬ 
ample  to  many  others.  Thofe  that  begin,  and  are  willing  to  pra&ice, 
may  bufie  themfelves  with  this  which  followeth. 

Suppofe  four  Ports,  L>N,0,  P,  of  which  L  is  in  the  Latitude  of 
50  gr.  N  is  North  from  L  200  Leagues  or  1000  font-  O  Weft  from 
L  1000  Cent,  and  P  Weft  from  N  1000  Cent,  fo  that  L  and  O  will  be 
in  the  fame  Latitude  of  50  gr.  N  and  P  both  in  the  Latitude  of  60 gr: 
Then  let  two  Ships  depart  from  L,  the  one  to  touch  at  O,  the  other  at 
N,  and  then  both  to  meet  at  P,  there  to  Lade,  and  from  thence  tore* 


ong;  i,s'-'3’3 


m  m 

O 
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turn 
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imn  the  neared  way  unto  L.  Here  many  queftions  may  be  pro- 
pofcd : 

x.  What  is  the  Longitude  of  the  Port  at  O  from  L  ? 

2.  What  is  the  Longitude  of  P  from  N  ?  And  why  O  andPfiiouId 
lot  be  the  fame  Longitude  ? 

3,  What  is  the  Rumb  from  O  unto  P  ? 

4#  Whatis  the  diftance  from  O  untoP?  And  why  the  way  fhou!4 
before  from  L  unto  P,  going  by  O,  then  by  N  ? 

5,  What  is  the  Rumb  frotfi  P  unto  L  ? 

-  6,  What  is  the  diftance  from  P  unto  L  ? 

7.  What  is  the  Rumb  from  N  unto  O  ? 

8.  What  is  the  diftance  from  N  unto  O  ?  An<)  why  it  (hotild  not  be 
he  like  Rumb  and  diftance  from  N  unto  O,  as  from  P  unto  L  ? 

^  Thefe  queftions  well  confidered,  and  cither  refolved  by  the  Staffer 
Tricked  down  on  the  Chart,  and  compared  with  the  Globe  and  the 
pommon  Sea- chart,  fhall  givefome  light  to  the  dire&ion  of  acourfe, 
!md  reduction  of  places  to  their  due  Longitude,  which  are  now  fully 
leftorted  in  the  common  Sea-charts.  ' 

!  Here  follows  all  the  ufual  Problems  of  failing,  according  to  Merca- 
ory  which  are  refolved  Arithmetically  by  the  Table  of  Logarithm 
'angentsj  without  the  Table  of  Meridional  parts,  and  may  alfo  be 
terformed  Geometrically,  by  thcTangentLine  upon  the  Crofs-ftaff  if 


'be  large.  , 

Firft,  we  arc  to  know  that  the  Logarithm  Tangents  from  45  gr.QQm* 
pwards,  do  increafe  in  the  fame  manner,  that  the  Secants  added  toge^ 
her  do,  if  we  account  every  half  degree  above  45  gr.  00  m.  robe 
me  whole  degree  of  CMercsitors  Meridional  Line  ;  and  fo  the  Table 
»f  Logarithm  Tangents,  is  a  Table  of  Meridional  parts,  to  every 
tvo  minutes  of  the  Meridian  Line,  leaving  out  the  Radius  in  every 
line. 

The  manner  of  making  life  of  it  thus,  (  as  it  is  fhall  more  plainly 
ppcar  in  the  Examples  of  the  following  Problems)  becaufe  the  Ta¬ 
lcs  begin  at  45  gr»  00  m.  and  that  every  30  m.  is  for  a  whole  degree, 
rhen  one,  or  both  Latitudes  are  given  in  any  queftions,  take  the  i  of 
ach  Latitude,  and  add  45  gr*  00  m.  to  each  of  them,  and  take  the 
'angenc  of  the  fum  of  each,  tor  the  equal  parts  of  the  Latitudes  given 
neglcfting  the  Radius  as  beforefaid  )  then  fubtraft  the  lefler  fum  ot 
qual  parts  from  the  greater,  and  the  remainer  divide  by  the  Tangent 
if  45, 30,  the  Radius  negleacd,  the  Quotient  (hall  be  the  equator 


/ 


m 
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Equinoaia!  degrees  contained  between  the  'woLatitades.or  elfemuki- 
d1V  the  forefaid  remainer  by  i  o,  and  divide  it  by  the  halt  oft  .e  efaid 
Tangent  of  e+S  gr.  30  m.  and  the  Quotient  fhall  be  the  equal  orEqtu- 
noaial  Leagues  contained  between  the  two  Latitudes. 


Example 


L 


Et  one  Latitude  he  45  gr.  30  *>•  the  i  is  22  gr.  45  ”u  “““"JjjJ 
s  >add  Asir.  00  m.  the  lw  is  67  gr.  4?  *»•  the  Tangent  above  the 

kldius  is  3  88x^1.  let  the  other  Latitude  be  4°  &*■  °°  "Mh*  *  » 
aor.  00  w.  unto  whifch  add  45  gr.  thefum..6j gr.  00m.  he 

Tangent  above  the  Radius  is  33 13^5,  wh.ch  fubtrafted  from  the 
former,  the  remainder  is  56831 :  which  being  divided  Y75  3 

Tsm’^ntof  45  sr.  30W,  above  the  Radius,  'the  Quotient  ts  7  gr.  497 
partMhe  Equinofti.1  degrees  contained  between  the  two  Latitudes, 
or  eife  multiply  the  remainder  or  difference  5158316  by  10  addv 
it  by  37901T the  i  of  the  Tangent  of  45  tr>  3° »•  above  the  Radius, 
and  ti  e  Quotient  is  149  £**•  94  parts,  the  equal  or  Eqmnoaul 
Leagues  contained  between  the  two  Latttudes,  and  the  like  of  any 

other. 


PROBL.  J. 


The  courfe  and  di fiance  that  the  Ship  hath  run  or  failed,  king  gim 
to  find  the  true  place  or  point  where  the  Ship  u  m  Mercators 

Chart . 


ADmit  a  Ship  fail  S  S  E  i  E  128  Leagues  from  La»tmde45  J^®* 
North  Latitude,  that  is  from  A  to  E,  according  to  the  plain  Sea- 
chart,  I  demandthetrue  place  or  point  that  the  Ship  is  at,  according  tc 

^Be for H hfs'qae ftion  can  be  refolved,  we  muft  find  what  Latitude  the 

Shio  is  in,  which  is  thus  found :  ,  ,  , 

As  the  Radius  is  to  the  Sine  of  the  Complement  of  the  eourfc 
,oiee.  04  w.  So  is  E  A  the  diftance  upon  the  courfe  128,  to  ADtht 
t5rue  difference  of  Latitude  in  Leagues,  which  is  no.  Thisbetngxon 
verted  into  deg,  and  min.  is  5  deg.  30  m.  and  became  the  Latitude 
creafeth,  or  The  Pole  is  depreffed,  we  fubtraa  it  from  45  ■  *  3®  m. 
aad  the  remainder  is  40  deg.  00  w.  the  Latitude  the  Ship  is  w,  tha 


4 


/ 

The  true  ufe  ^/Mercators  cW»  ap  $ 

v  according  to  the  plain  Sea-chart,  or  at  C  according  to  Mercator  : 
but  before  we  can  find  the  point  C,  wemnftfindthe  diftance  of  the 
ooint  B  in  the  Meridian  Line  from  A :  the  manner  how  to  do  it  is i  View¬ 
ed  in  the  Example  before  this  Problem,  and  it  is  there  found  to  be  50 
Leagues  near.  Now  the  point  C,  the  true  place  of  the  ShipmMrM- 
m  Chart  may  be  found  two  feveral  ways. 
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♦30  Led: 

Fir  ft,  As  D  A  the  true  diftance  of  Latitude  no,  is  to  AE  the  true 
liftance  run  upon  the  courfe,  fo  is  B  A  the  difference  of  Latitude  en- 
arged  150,  to  A  C  1741^  the  enlarged  diftance,  which  being  laid  oft 
ipon  the  Line  of  the  courfe,  gives  the  point  C,  the  true  place  of  the 

>hip  in  Mercators  Chart,  * 

Q5  2  H€rs 


/ 


%f6-  The  true  ufi  of  Mercators  chart* 


Here  we  may  rake  notice,  that  the  true  point  of  any  place?  according 
to  the  plain  Sca-charr,  or  according  to  Mercators  Chart,  is  always  upon 
one  and  the  fame  right  Line  of  the  courfe.  _  , 

Secondly,  As  the  Radius  is  to  the  Tangent  of  the  Courfe  30  4.5 (m. 
fo  is  A  B  the  difference  of  Latitude  enlarged  i5o;toBC  90  the  diffe¬ 
rence  of  Longitudc,which  being  laid  off  upon  the  Perpendicular  B  C, 
gives  the  point  C*the  true  place  of  the  Ship  in  Mercators  Chart., 


PROBL  If 


The -courfe  that  the  Ship  hath  failed  on>  and  both  Latitudes  being  kncmt 
to  find  the  true  place  or  point  that  the  S  hip  is  on  in  Mercators  Charty 
and  the  true  difiance  that  the  Ship  hath  failed . 


SUppofe  a  Shipto  Jail  rrom  cue  i-«uirac 

until  it  be  in  the  Latitude  of  4 o  deg.  00  m.  that  is  from  A  to  E,  ac* 
cording  to  the  plain  Sea-chart, or  from  A  to  C, according  to  Mercators^ 


iart.  f  ,  .  ,  , 

Firff,  We  muff  find  the  difference  of  Latitude  enlarged*  as  is  be¬ 


fore  diu&ed?  which  is  A  B  150  Leagues.  ' 

1.  As  the  Radius  is  to  the  Tangent  of  the  Courfe,  30  deg.  S6m-fo 
if  AB  r5o,  to  B  C  90,  which  laid  off  upon  the  Perpendicular  BC, 
gives  C  the  true  place  or  point,  which  the  Ship  is  on  intMercaters 

Chart.  k  *  u 

2,  As  the  Sine  Complement  of  the  Courfe  59  deg.  04  w.  rs  to  the 

Radius,  fo  is  D  A  the  true  difference  of  Latitude  1  IQ;  to  A  E  the  true 
diffance  run  upon  the  Courfe  128. 


PROB  L.  I  IT., 


Both  Latitudes  given t  and  the  dfianctrun  upon  the  Courfe ,  to  find  the 


pfiint  or  place-  that  the  Ship  is  on  in  Mercators  Chart ,  and  the  courfe 
or  point  of  the  Compafs  thatthe  Skip  hath  failed  on. 


Uppofea  Ship  to  fail  128  Leagues,  between  South  and Taft, from  A 
in  the  Latitude  of  45  deg.  10  m.  and  at  the  end  of  her  diflance,  it 


be  in  the  Latitude  of  4°  G0^*  .  , 

Fir-ff  Find  thediffcrcnce  of  Latitude  enlarged^  itbcforcdircacd* 

which  is  A  B  15s,# 


The  true  ufe  cf  Mercators  fharf*  up? 

1.  As  D  A  i  io,  the  true  difference  of  Latitude,  is  to  A  E  128  the 
true  diftance  run,  fo  is  BA  150  the  difference  of  Latitude  enlarged, 
to  A  C  1 74  to  the  diflance  enlarged,  which  Jaidoff  upon  the  Line  A  E, 
from  A  to  C  it  fhall  be  the  true  point  or  place  that  the  Ship  is  on  in 
tffiernators  Proje&ion. 

2,  As  AE  1 28,  the  true  diflance  run,  is  to  A  D  1 10,  the  true  diffe- 
Irenceof  Latitude,  fbisthe  Radius  to  the  Sine  of  the  Complement  of 
the  courfe  59  deg.  04  m.  (which  Complement  59  deg.  04  m.  fubtraft 
out  of  90  deg .  00  m.  and  the  remainder  is  30  deg.o$6  m.  the  courfe, and 
being  it  is  between  South  and  Eafl,  itisSS  E  ^Eafterly. 

PROBL.  IV. 


Both  Latitudes,  and  the  departure  or  difiance  of , the  Meridian  you  are 
upon,  and  the  Meridian  you  began  your  courfe  on,  to  find  the  point  or 
place  where  you  are  in  Mercators  Chart,  alfo  the  courfe  that  you 
have  made  good ,  and  the  di fiance  that  you  have  run  from  the  place, 
where  you  began  your  courfe . 


THis  Problem  is  chiefly  ufeful  for  the  Navigator,  when  he  hath  call: 

up  histraverfe.  AdmitaShiptofailupon  the  Southeast  quarter  of 
jheCompafs,  from  Latitude  45  deg,  30  m.  unto  Latitude  40  deg.  00  w. 
ndche  departure  from  the  Meridian  it  went  from,  be  65  ^  Leagues. 

I  F;rft,  Findthediffcrenceof Latitude  enlarged,  as  is  before  dire&ed 
50  League?.  . 

1 .  As  A  D  1 1  o  the  true  difference  of  Laticudey  is  to  D  E  6 5 .  * » the 
leparture  from  the  Meridian,  fo  is  A  B  150,  the  difference  of  Laci- 
ude  enlarged,  to  B  C  90  Leagues,  the  difference  of  Longitude, which 
aid  off  upon  the  Perpendicular  B  C,  from  B  to  C  fhall  be  the  point  or 
dace  in  Mercators  Chart,  where  the  Ship  is. 

2.  As  AD  no  the  true  difference  of  Latitude,  is  to  DE  65.^  the 
eparture  from  the  Meridian,  fo  is  the  Radius  to  the  Tangent  ot  the 
ourfe  30  d,  $6m.  that  is  two  points  %  from  the  South  to  the  Eaftward> 
hat  is  S  S  E  ^  E  the  courfe  that  the  Ship  hath  kept. 

3.  As  the  Sine  of  the  courfe  30  deg.  5 6  m*  is  to  the  Radius,  fo  is 
>  E  65  ~  the  departure  from  the  Meridian,  to  £  A  1 28  the  di  Aancc 


The  true  ufe  ef  Mett&tots  chart} 


PROBL.  V. 


$)th  Latitudes  being  given,  and  the  difference  of  Longitude ,  to  find  the 


diftance  the  Ship  hath  kept,  and  the  diftance  it  hath  run . 

A  Dfnit  a  Ship  to  be  at  A  in  North  Latitude  45  deg.  50  and  to  fail 
£"jkSoutheaftwards,  untill  it  be  at  E  in  Latitude  40  deg.  00  m.  accord¬ 
ing  to  the  plain  Chart,  and  the  point  C  be  the  place  in  Mercators 
Chart  where  the  Ship  b,  and  the  difference  of  Longitude  be  BC9C 
Leagues.  / 

Firft,  Find  the  difference  of  Latitude  enlarged,  as  is  before  dire&ed 
150  Leagues. 

1 .  As  A  B  150  the  difference  of  Latitude  enlarged,  is  to  B  C  90/(3 
is  the  Radius  to  the  Tangent  of  thecourfe?  30  deg,  56  m.  which  is  twc 
points  \  that  is  S  S  E  4  E. 

•  2.  As  the  Sine  Complement  of  the  courfe  59  d^.04  m.  is  to  the  Ra¬ 
dius,  fo  is  DA  no  the  true  difference  of  Latitude,  toAEthetru* 

-  difbnce  run  128. 


SUppofe  a  Ship  to  be  in  the  Latitude  of  45  deg.  30  w.  North  Lati 
cude,  and  to  fail  S  S  E  \  E  (  until  the  difference  of  Longitude  b 
90  Leagues  )  that  is  from  A  to  C,  which  is  the  point  or  place  of  th 
Ship  in  Mercators  Chart. 

1 .  As  the  Radius  is  to  the  Tangent  Corap!ement  of  the  courfc  59  < 
04  m.  fo  is  C  B  the  difference  of  Longitude  90,  to  ABho  the  difft 
renceof  the  Latitude  enlarged,  by  which  multiply  37901  the  i  of  tf 
Tangent  of  45  d/g.  30  m*  above  the  Radius,  and  divide  theProdui 
by  io,  and  the  Quotient  is  5^85 1 5.  Then  take  j;  the  Latitude  give 
the  i  of  45  deg .  30  m.  which  is  22  deg.  4*  m.  unto  which  add  45  det 
co  m.  the  fum  is  67  deg.  45  m,  then  feek  trie  Tangent  of  67  deg.  45 * 
above  the  Radius,  which  is  3881591,  and  fubtra^f  the  former  Q«< 
tient  568515  from  ir, and  theremainer  is  3313076,  which  fcek  inti 
Tangent,  and  you  ihall  find  it  at  65  deg.  ocm.  from  which  fubtra 


45 


the  defcyiptiott  of  . 

.  f.r»- 

4$  deg.  oo  m,  the  retainer  is  20  deg*  00  m^which  being  doubled,  is 
qodfg.oom.  the  Latitude  required.  Here  we  are  to  note,  that  if  the 
Latitude  had  increafed,  we  muft  have  added  the  Quotient  56851 5  co 
the  Tangent  of  67  deg.  45  m.  and  fo  fought  the  fum  in  the  Tangents, 
to  have  found  the  Latitude  required. 

2.  As  the  Sine  of  the  Complement  of  the  courfe  59  deg.  o^m.  is  to 
the  Radius,  fo  is  D  A  the  true  difference  of  Latitude  1 10,  to  A  E,  the 
truediftance  run  12  B. 

Although  I  have  fee  down  but  the  proportions  and  theanfwers  to 
each  queftion,  they  may  all  be  calculated  by  the  Canon,  and  the  Chi¬ 
liad  of  Logarithms  in  this  Book* 


APPENDIX, 


Concerning  the  defer  if  t  ion  and  ufe  of  an  Inftrument s  made  in  form 

of  a  Orofc-bowfor  the  more  eafie  finding  of  the  Latitude  at  Sea. 


He  former  Prop,  fuppofe  the  Latitude  to  be  known,  I  will  here 


fhewit  trow  it  may  be  eafily  obferved. 

Upon  the  Center  A,  and  Semidiameter  A  B,  deferibe  an  Ark  of  a 


k. 


1 


■s 


. 


I  -t 

306  ftM  iqmftUn  of  the  Bowl 

Circle  S  B  N.Thc  fame  Seraidiameter  will  fee  off  60 gr,  from  B  unto  S 
for  die  South  end, and  other  60  gr,  from  B  unto  N  for  the  North  end 
of  the  Bow:  fo  the  whole  Bow  will  contain.  120 gr,  the  third  part  of  a 
Circle.  Lecic  therefore  be  divided  into  fomany  degrees,  and  each 
degree  fubdivided  into  fix  parts, that  each  part  may  be  ten  minutes :  but 
let  the  numbers  fee  to  it  be  $>10, 15,  unto  90  gr,  and  then  again  5,10, 
15,  unto  27,  that  5  5  may  fall  in  the  middle,  as  in  this  Figure. 

The  Bow  being  thus  divided  and  numbred,  you  may  fee  the  monthi 
and  days  of  each  month  upon  the  back,  and  fuch  liars  as  are  fit  for  ob- 
fervation  upon  the  fide  of  the  Bow. 

If  you  defirc  to  make  ufe  of  it  in  North  Latitude?  you  may  number 
2  3  £r*  3  0  from  90  towards  the  end  of  the  Bow  at  N,  and  there  place 
the  tenth  day  of  fyney  And  23  gr,  3  o».  from  90  towards  S;  and 
there  at  66 gr,  50  m.  place  the  tenth  day  of  ‘December .  Afid  io the 
reft  of  the  days  of  the  year,  according  to  the  declination  of  the  Sur 
at  the  fame  days. 

The  ftars  may  be  placed  in  Irke  manner  according  to  their  Dcclina 
tions,  to  the  year  1670. 

Ar&urus  20  gr,  m. 

The  Bulls  Eye  15  47 

The  Lions  Heart  13  32 

The  Vultures  Heart  -8  8 

The  little  Dog  6  o  from  90  toward  thi 

North  end  of  the  Bow  at  N.  Then  for  Southern  (lars,  you  may  nurabc 
their  declination  from  90  toward  the  South  end  of  the  Bow  atS.  ;A 
firil  the  three  Stars  in  Ortons  Girdle, 


In  Ortons 
Girdle  the 


C  Fir  ft  at 

ogr. 

37- 

c Second 

1 

26 

£Third 

2 

9 

The  Hydra’s  heart 

7 

1 6 

The  Virgins  Spike 

9 

24 

The  great  Dog 

1 6 

9 

Aquaries  Leg 

J7 

.33 

The  Whales  Tail 

19 

48 

The  Scorpions  Heart 

25 

37' 

Fomahant 

31 

1 6 

the  Triangle,  the  Clouds,  the  Crbfiers,  or  what  other  Stars  you  thir 
fit  for  the  observation,  This  I  call  the  forefide  of  the  Bow. 


The  defiripfmtf  the  Sm*  |or 

If  von  defire  to  make  ufe  of  it  in  South  Latitude,  you  may  turn  the 
,w,  and  divide  the  back  fide  of  it,  and  number  it  in  like  manner, 
a  theB  put  on  the  months  and  days  of  the  year,  placing  the  tenth  of 
tcembtrat  the  South  end,and  the  tenth  of  /«« toward  themiddleot 
e  Bow,  and  the  reft  of  the  days  according  to  the  Suns  declination  as 

The  chiefeft  of  the  Northern  Stars  may  here  be  placed  in  like 
inner,  according  to  their  declination,  Anno  1670, 

The  Pole  Starat  %7£r-  3  2  ”*• 

The  firft  Guard 
The  fecond  Guard 
The  great  Bears  back 

T  l  ^Firft 

J*1  the  great  jgecond 

Bears  Tail  ^Third 

The  fide  of  Perfeus 
The  Goat 

The  Tail  of  the  Swan 
The  Head  of  Medufa 
The  Harp 
Caftor 
Pollux. 

The  North-Crown 
The  Rams  Head 
Ardlurus 
The  Bulls  Eye 
The  Lions  Heart 
The  Vultures  Heart 
Orions  right  Shoulder 
Orions  left  Shoulder 

And  fn  anv  other  Star  whofe  declination  is  known  unto  you  i 
ch  being  done.  The  ufe  of  this  Bow  may  be. 

1.  The  day  of  the  monthbeing  knownSofindth,  declination  of  the 
a.  The  declination  being  given.,  to  find  the  day  of  the  month. 

Thefetwo  Prop,  depend  on  the  making  ofrte  Bow.  If 
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7' 
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3  a  2,  the  ufe  of  the  Bow 

known,  look  it  out  in  the  back  of  the  Bow:  fo  the  declination  will  ap¬ 
pear  in  the  fide.  Or  if  the  declination  be  known*  the  day  of  the  raontl 
is  fet  over  sgainfl  it.  As  if  the  day  of  the  month  were  the  14  of  July 
look  for  this  day  in  the  back  of  the  Bow,  and  you  fell  find  it  ovci 
againft  20 gr,  of  North  declination.  If  the  declination  given  be  20 gr, 
to  the  Southward,  you  fell  find  the  day  to  be  either  the  eleventh  ^oj 
November,  or  the  eleventh  of  January, 

3.  To  find  the  Altitude  of  the  Sun,  or  Stars * 

Here  is  is  fit  to  have  two  running  fights  which  may  be  eaiily  movet 
on  the  back  of  the  Bow.  The  tipper  fight  may  be  fet  cither  to  60 gr,  01 
to  yogr.or  to  86 gr,  as  you  fell  find  to  be  moft  convenient :  the  ochci 
fight  may  be  fee  on  to  any  place  between  the  middle  and  the  other  end 
of  the  Bow.  Then  with  the  one  hand  hold  the  Center  of  the  Bowk 
your  eye,  fo  as  you  may  fee  the  Sun  or  Scar  by  the  upright  fight,,  am 
with  the  other  hand  move  the  lower  fight  up  or  down  until  you  hav< 
brought  &ne  of  the  edges  of  it,  to  be  even  with  the  Horizon  £as  whei 
you  obferve  with  the  Crofs-fhff)  fo  the  degrees  contained  betwcei 
that  edge  and  the  upper  fight,  thalHhcw  the  Altitude  required. 

Thus  if  the  upper  fight  fell  be  at  So^r.and  the  lower  light  at  $pgr 
the  Altitude  required  is  30  gr, 

4,  To  find  any  North  Latitude }  by  the  Meridian  Altitude  of  the  Sun  at  < 
forward  obfer  vat  ion,  knowing  either  the  day  of  the  month ,  or  the  decli 
nation  of  the  Sun, 

As  oft  as  you  ere  to  obferve  in  North  Latitude,  place  both  the  fight 
on  the  foreiide  of  the  Bow,  the  upper  fight  at  the  Declination  of  cb< 
Sun,  or  the  day  of  the  month  at  the  North  end,  and  lower  fight  towar* 
the  South  end.  Then  when  the  Sun  comech  to  the  Meridian,  turn  youi 
face  to  the  South,  and  with  theone  hand  hold  the  Center  of  the  Bow  t< 
your  Eye,  fo  as  you  may  fee  the  Sun  bv  the  upper  fight ;  with  theothei 
hand  move  the  lower  fighr,  until  you  have  brought  one  of  the  edges 0 
it  ro  be  even  with  the  Horizon  :  fo.that  edge  of  the  lower  fight  fel 
ihew  the  Latitude  of  the  place  in  the  fore- fide  of  the  Bow. 

Thus  being  in  North  Latitude  upon  the  ninth  of  Otlober^:  if  I  ft 

the  upper  fight  to  this  day,  at  the  fore- fide  and  North  end  of  the  Bow 

1  final!  find  it  to  fall  to  the  Southward  of  9©  upon  80 gr,  and  therefor* 

2 


in  finding  the  Latitude*  3°'i 

•  jo gr.  of  South  declination.  Then  the  Sun  coming  to  the  Meridian,  I 
iav  let  the  Center  of  the  Bow  to  mine  eye,  as  if  I  went  to  hnd  the  Ai- 
tude  of  the  Sun,  holdingthe  North  end  of  the  Bow  upward, with  the 
DDer  fight  between  mine  eye  and  the  Sun,  and  moving  the  lower  light, 
B it  come  to  be  even  with  the  horizon.  If  here  the  lower  fight  foil 
avatto  gr..  I  may  well  fay,  that  the  Latitude  isjogr.  For  the  Me- 
idian  Altitude  of  theSunis30.gr.  by  the  third  Prop,  and  the  Sun  ha- 
i®’  jo  of  South  declination,  the  Meridian  Altitude  of  theEqua^ 
ar  would  be  40 gr.  and  therefore  the  obfervatton  was  made  in  jo  gr.  0. 

1  Bythe  fame  reafon,  if  the  lower  fide  had  flayed  at  51  gr.  9°  m-  the 
atitude  mud  have  been  5 1  gr,  30  m.  and  fo  in  che  red. 


j.  To  find  any  North  Latitude,  by  the  Meridian  Altitude  of  the  Stars  te 
the  Southward,  * 


T  et  the  uDDer  fmht  be  fet  to  the  Star,  which  you  intend  to  obferve, 
re  placed  m  the  fore-fide  of  the  Bow.  Then  hold  the  North  end  of 
e  Bow  upward,  and  turning  your  face  to  the  South,  obferve  the  Me¬ 
dian  Altitude  as  before :  fo  the  lower  fight  (hall  fhew  the  Latitude 

the  place  in  the  fore- fide  of  the  Bow.  r  L  _  a 

Thus  if  inobfervingthe  Meridian  Altitude  of  the  great  Dog- ftar, 
e  lower  fight  fliallftay  at  50 gr.  it  would  fhew  the  Latitude  to  be 
i  gr.  For  this  Star  being  here  placed  at  7;  gr.  48  m.  if  we  take  thence 
li.his  Meridian  Altitude  would  be  2 %gr.  48  m.  to  this  if  we  add 
Ar.  12  m.  for  the  South  declination  or  this  Star,  it  would  fhew  the 

leridian  Altitude  of  the  Equator  to  be  40 gr.  and  therefore  the  L«i- 

/ 

dctobc  50  gr. 


t.  To find  any  North  Latitude,  by  the  Meridian  Altitude  of  the  Stars  to 
the  Northward, 


If  the  Bow  be  intended  only  for  North  Latitude  it  may  f“  Jce 
re  the  degrees  divided  only  on  the  fore- tide,  and  then  the  Stars  to 
:  Northward  may  be  placed  either  on  the  backf.de or  the  >n  >de°f 
!  Bow  by  thefe  degrees:  the  Pole- ftar  at  87  gr.  «  ^'J^urd 
t  of  September,  the  formoft  guard  at  75 P:  45  *»• the  hin^Tjegme' 

73  gr.  i  J  rw.and  the  reft  according  to  ihe.r  declinations  before  rner.- 

ned,fo  the  90  deg.  (hall  reprefent  the  North  Pole  of  the  Won^^ 

tv,  r  a 


X. 


*  Sra.m.  \  +  \  ■  ’ 


3©4  The  ufe  of  the  Hw 

When  any  of  thefe  ftars  come  to  be  in  the  Meridian,  and  under  tf 
Pole,  fee  the  upper  fight  to  that  Star,  hold  the  North  end  of  the  Bo 
upward,  and  turning  your  face  to  the  North,  obferve  his'  Altitude  i 
before 3  fothe  degrees  contained  between  the  90  degrees  and  the  lowt 
fight,  {hall  fhew  the  Altitude  of  the  Pole. 

Thus  the  former  guard  coming  to  be  in  the  Meridian,undcr  the  Poll 
if  you  obferve  and  find  the  lower  fight  to  flay  at  40 gr.  the  Efevatio 
of  the  Pole  is  50^.  according  to  the  diftance  between  40  and  90, 

If  you  would  obferve  any  of  thefe  Starr,  at  fuch  time  as  they  com 
to  be  in  the  Meridian,  and  above  the  Pole,  you  may  place  thefe  Stai 
in  the  Bow  above  90 gr.  the  North  Star  at  igr.  40  m.  near  the  fourt 
day  of  September, the  formoft  Guard  at  1 4j*r.  1 5  m. the  hindmoft  Guar 
at  16 gr.  35155.  and  fuch  others  as  you  think  fitted, according  to  thei 
diftance  from  the  Pole :  then  fetting  the  upper  fight  to  the  placet 
Star  above  the  Pole,  the  reft  of  the  observation  will  be  the  fame  i 
before.  0 

But  if  the  Bow  be  made  to  Serve  at  large,  both  in  South  and  Non 
Latitude,,  then  thefe  Northern  Stars  would  be  let  placed  on  the  back 
fide  of  the  Bow,  by  the  degrees  on  that  fide,  aceordingto  the  Com 
plemcntof  their  declinations,  that  the  North  Stars  may  anfwer  to  th 
North  Sun  in  South  Latitude,  in  fuch  fort  as  the  Southern  Scars  did  t 
the  South  Sun  in  North  Latitude  in  the  former  Prop .  This  being  don< 
let  the  upper  fight  be  fet  to  the  Star  which  you  intend  to  obferve,  her 
placed  on  the  backfidc  of  the  Bow.  Then  hold  the  North  end  of  th 
Bow  upward,  and  turning  your  face  to  the  North, obferve  the  Altirud 
of  the  Star  when  he  cometh  to  be  in  the  Meridian,  and  under  the  Pole 
fothe  lower  fight  Shall  (hew  the  Altitude  of  the  Pole  in  the  back  fid 
of  the  Bow. 

Thus  the  former  guard  coming  to  be  in  the  Meridian  under  th 
]&>Ie,  if  you  obferve  and  find  the  lower  fight  to  ftay  at  90  gr .  fuch  i 
the  Elevation  of  the  Pole,  and  the  Latitude  of  the  place  to  the  North 
ward.  For  the  diftance  between  the  two  fights  will  Shew  the  Akitudi 
to  be  35  gr.  45  m.  and  the  Star  is14.gr.  15  m.  diftant  from  the  NoctI 
Bole.  Tnefecwodomake  up  50  gr.  for  the  Elevation  of  the  Nort! 
Pole5  and  therefore  fuch  is  the  North  Latitude© 


?.r 


t  - 

in  fading  the  Latitude*  305 

1 .  , ' '  .  r 

7.  To  find  any  South  Latitude,  by  the  Meridian  Altitude  of  the  Sun  at  a 
forward  obfervation,  knowing  either  the  day  of  the  month,  or  the 

declination  of  the  Sun . 

/  . 

When  you  are  come  into  South  Latitude,  turn  both  your  fights  to  the 
back  fide  of  the  Bow :  the  upper  fight  to  the  declination  of  the  Sun, or 
the  day  of  the  month  at  the  South  end,  and  the  lower  fight  toward  the 
North  end  of  the  Bow.  Then  the  Sun  coming  to  the  Meridian,  turn 
your  face  to  the  North,  andholding  the  South  end  of  the  Bowupward, 
obferve  the  Meridian  Altitude  as  before  :  fo  the  lower  fight  lha  11  fhcw 
the  Latitude  of  the  place  in  the  backfide  of  the  Bow. 

Thus  being  in  South  Latitude,  upon  the  tenth  of  May,  if  you  obfcrve 
and  find  the  lower  fight  to  ftay  at  30.gr.  on  the  backfide  *of  the  Bow, 
j  fuch  is  the  Latitude.  For  the  declination  is  20.gr.  Northward,  the  Al¬ 
titude  of  the  Sun  between  the  two  fights  ^ogr.  the  Altitude  of  the 
Equator  60 gr.  and  therefore  the  Latitude  $ogr. 

■  V  1  '  ** 

S.  To  find  any  South  Latitude  by  the  Meridian  Altitude  of  the  Stars  to 
the  Northward . 

■  Let  the  upper  fight  be  fee  to  the  Star  which  you  intend  to  obferve, 

1  here  placed  on  the  backfide  of  the  Bow.  Then  hold  the  South  end  of 
the  Bow  upward,  and  turning  your  face  to  the  North,  obfcrve  the  Me* 

|  ridian  Altitude  as  before  s  fo  the  lower  fight  fhall  ftiew  the  Latitude  of 
the  place  in  the  back  fide  of  the  Bow. 

Thus  being  in  South  Latitude;  and  the  former  guard  coming  to  be  in 
:  the  Meridian  over  the  Pole.  If  you  obfcrve,  and  find  the  lower  fight  to 
ftay  n  5  gr.  fuch  is  the  Latitude.  For  the  Star  is  Hfr,  1  $  m.  from  the 
North  Foie,  the  Altitude  of  the  Star  between  the  two  fights  9^.15  «• 
the  North  Pole  depreffed  ?  gr.  and  therefore  the  Latitude  5  gn  to  the 
Southward. 

-  j  « 

9*  To  obferve  the  Altitude  ef  the  Sun  by  the  Bew}or  with  an  Afirolabe. 

\ 

|j  7 

Here  it  is  fit  to  have  a  third  fight  (like  to  the  Horizontal  fight  be¬ 
longing  to  the  ftaff  )  which  may  be  let  to  the  Center  of  the  Bow. 

If  the  Sun  be  near  to  the  Zenith,  hold  the  Bow  as  when  you  obferve 
!  with  the  Afirolabe ,  fo  as  the  Center  being  downward  the  Line  A  B 

~  may  v 

* 

'  ^ 


The  %[e  of  the  dm 

may  be  vertical,  and  the  Line  S  N  Parallel  to  the  Horizon,  then  turn¬ 
ing  one  end  of  the  Bow  toward  the  Sun,  you  may  move  one  of  the 
fights  on  the  back  of  the  Bow,  until  the  fhadow  thereof  fall  on  the 
middle  of  the  Horizontal  fight,  fo  the  degrees  contained  between  the 
Vertical  A  B,  and  that  upper  fight  fhall  fhew  the  difiance  of  the  Sun 
from  the  Zenith. 

If  the  Sun  be  nearer  to  the  Horizon,  you  may  hold  the  Bow  foas 
the  Line  SN  may  be  Vertical,  and  the  Line  A  B  Parallel  to  the  Hori¬ 
zon,  then  obferving,  as  before,  the  degrees  contained  between  the 
Line  A  B,  and  the  upper  fight,  fhall  fhew  the  Altitude  of  the  Sun 
above  the  Horizon. 

10.  To  find  a  South  Latitude  by  the  Meridian  Altitude  of  the  Stars  to  the 
Southward . 

Let  the  upper  fight  be  fet  to  the  Star  which  you  intend  to  obferve, 
which  might  be  here  placed  on  the  foot  fide  of  the  Bow  by  the  Com¬ 
plement  of  their  declination^,  if  we  knew  the  true  place  of  fuch  as 
are  near  to  the  South  Pole. 

Then  hold  the  Southend  of  the  Bow  upward,  and  turning  your  face 
'  to  the  South,  obferve  the  Altitude  when  he  comech  to  be  in  the  Meri¬ 
dian,  and  under  the  Pole,  fo  the  lower  fight  fhall  flicw  the  Altitude  of 
the  Pole  in  the  forefidc  of  the  Bow. 

I.  To  obferve  the  Altitude  of  the  Sun  backward. 

Set  the  upper  fight  either  to  <5o,  or  70,  or  80  as  you  fhall  find  it 
'  fo  be  mod  convenient,  the  lower  fight  on  any  place  between  the  mid¬ 
dle  and  the  other  end  of  the  Bow,  and  have  an  Horizontal  fight  to  be 
fet  to  the  Center.  Then  may  you  turn  your  back  to  the  Sun/ and  the 
back  of  the  Bow  toward  your  felf,  looking  by  the  lower  fight  through 
the  Horizontal  fight,  and  moving  the  lower  fight  up  and° down  until 
the  upper  fight  do  cafta  fhadow  upon  the  middle  of  the  Horizontal 
fight:  fo  the  degree,  contained  between  the  two  fights  on  the  Bow, 
fhall  give  the  Altitude  required. 

Thus  if  the  upper  fight  fhall  be  at  8ojp*.and  the  lower  fight  at  fO^r; 
the  Altitude  required  is  30^. as  in  the  third  *Prop, 

Q;  if  you  turn  the  other  end  of  the  Bow  upward,  and  fet  the  upper 
fight  to  the  beginning  of  the  Quadrant,  and  then  obferve  as  befdre, 

!  she  lovver'fight  will  fliew  the  Altitude. 


12.  To 


m  fading  the  Altitude , 


12#  To  find  any  *bJorth  Latitude  by  the  Meridian  Altitude  of  the  Sun  at 
abac\  olfervatioHy  knowing  either  the  day  of  the  monthy  orthedem 
clination  of  the  Sm. 


Place  your  three  fights  as  before  on  the  fore-fide  of  the  Bow  r  the 
upper  fight  to  the  declination  of  the  Sun,  or  to  the  day  of  the  month, 
at  the  North  end  ;  the  lower  fight  toward  the  South  end  of  the  Bow  5 
and  the  Horizontal  fight  to  the  Center.  Then  the  Sun  coming  to  the 
Meridian,  turn  your  face  to  the  North,  and  holding  the  North  end 
of  the  Bow  upward,  the  South  end  downwards,  with  the  back  of  it 
I  toward  your  fejf,  obferve  the  fihadow  of  the  upper  fight  as  in  the  for¬ 
mer  part  of  the  fifth  Profofitiony  fo  the  lower  fight  fhall  fhew  the  Lati- 
i  tudeofthe  place  in  the  forefide  of  the  Bow. 

•  Thus  being  in  North  Latitude  upon  the  ninth  of  Oftober,  if  you 
obferve  and  find  the  lower  fighc  to  ftay  at  50 gr.  on  the  forefide  of 
the  Bow,  fuch  is  the  Latitude.  For  the  declination  isio^r.  South- 
|  ward,  and  the  Altitude  of  the  Sun  between  the  two  fights  logr.  the 
Altitudeof  the  Equator  40 gr.  and  therefore  the  Latitude  5© ^r.as  in 
thefixch 

1 3*  7 0  find  any  South  Latitude  by  the  Meridian  Altitude  of  the  Sun  at 
abacl^obfervation,  knowing  either  the  day  of  the  month ,  or  the  de¬ 
clination  of  the  Sun. 


When  you  obferve  in  South  Latitude,  place  your  three  fights  on 
the  back,  fde  of  the  Bow  :  the  upper  fight  to  the  declination  of  the 
!  Sun,  or  the  day  of  the  month  at  the  Southend  j  the  lower  fight  co¬ 
ward  the  North  end  of  the  Bow,  and  the  Horizontal  fight  to  the  Cen¬ 
ter.  Then  the  Sun  coming  to  the  Meridian,  turn  your  face  to  the 
South,  and  holding  the  South  end  of  the  Bow  upward,  with  the  back 
|  of  it  toward  your  felf,  obferve  the  fhadow  of  the  upper  fight  as  be- 
!  fore:  fo  the  lower  fight  ftrlll  (hew  the  Latitude  of  the  place  in  the 
back  fide  of  the  Bow. 

|  Thus  being  in  the  South  Latitude  upon  the  tenth  of  Mayy  if  you 
I  obferve  and  find  the  lower  fight  to  ftay  at  zo  gr.  on  the  back  of  the 
Bow,  fuch  is  the  Altitude  of  the  Sun  between  the  two  fights  40^.  the 
j  Altitudeof  the  Equator  6ogrf  and  therefore  the  Latitude  3 °ir*  85  in 
the  feventh  Prop*  .  ^  ’  JfyTo 


|qS  Theufe$f  the  Wove 

14,  7  $  find  the  day  of  the  monthly  knowing  the  Latitude  of  the  place,  and 
observing  the  Meridian  Altitude  of  the  Sun. 

Place  your  three  fights  according  to  your  Latitude;  the  Horizontal 
fight  to  the  Center,  the  lower  light  to  the  Latitude/and  upper  fight 
among  the  months.  Then  when  the  Sun  cometh  to  the  Meridian,  ob- 
ferve  the  Altitude,  looking  by  the  lower  fight  through  the  Horizon¬ 
tal,  and  keeping  the  lower  fight  Bill  at  the  Latitude,  but  moving  the 
upper  fight  until  it  give  fhadow  upon  the  middle  of  the  Horizontal 
fight :  fo  the  upper  fight  fliall  fhcwtheday  of  the  month  required. 

Thus  in  our  Latitude  if  youfet  the  lower  fight  to  51  gr.  30  m*  and 
obferving  find  the  Altitude  of  the  Sun  between  that  and  the  upper 
fight  to  be  28 30  w.  this  upper  fight  will  fall  upon  the  ninth  of 
Oftcber,  and  the  twelfth  of  February.  And  if  yet  you  doubt  which  of 
them  two  is  the  day,  you  may  expeft  another  Meridian  Altitude  ;  and 
then  if  you  find  the  upper  fight  upon  the  tenth  ofOftober,  and  the  ele¬ 
venth  of  February,  the  queflion  will  be  foon  refolved. 

!$•  To  find  the  declination  of  any  unknown  Star,  and  fo  to  place  it  on  the 
Batvy  knowing  the  Latitude  of  the  place,  and  obferving  the  Meridian 
Altitude  of  the  Star. 

When  you  find  a  Scar  in  the  Meridian  that  is  fit  for  obfervation.  Sec 
"  the  Center  of  the  Bow  to  your  eye,the  lower  fight  to  the  Lacicudc,and 
move  the  upper  fight  up  or  down  until  you  fee  the  Horizon  by  the 
lower  fight,  and  the  Star  by  the  upper  fight,  then  will  the  upper  fight 
Ihy  at  the  declination  and  place  of  the  Star. 

Thus  being  in  20 gr.  of  North  Latitude,  if  you  obferve  and  find  the 
Meridian  Altitude  of  the  head  of  the  Cofier  to  be  i^gr.^om.  The 
upper  fight  will  flay  at  Mgr.  50  m.  and  there  may  you  place  this  Star. 
For  by  this  ©bfervation  the  diflance  of  this  Scar  from  the  South  Pole 
fhould  be  34 gr.  yoav.and  the  declination  from  the  Equator  ^gr.iom. 
Andfo  for  the  reft. 

The  Stars  which  I  mentioned  before,  do  come  to  the  Meridian  in 
this  order  after  the  firft  point  of  Aries. 

1  *  \ 

1 6.  To  find  any  North  Latitude  on  land  by  obfervation  with  Thread  and 
Plummet . 

Set  the  fight  to  the  day  of  the  month  at  the  forefide  and  South  end 

of 


in finding  tie  Latitude  jep 

f  the  Bo# :  then  when  the  Sun  comceh  to  the  Meridian  turning  the 
'Jorth  end  in  your  left  hand  toward  the  South,  fo  as  the  fight  at  the 
'enter  may  fhadow  the  fight  at  the  day,  obferve  where  the  thread  fal- 
cth,  and  abate  20  gr.  if  it  fall  on  yogr.  the  Latitude  is  $ogr.  If  on 
ngr,  50  m.  in  the  Latitude  is  Sign  3  o»,  And  foin  the  reft* 

If  the  Bow  had  been  made  only  for  finding  the  Latitude  on  Land  I 
bight  then  have  let  fuch  numbers  to  it  as  needed  no  allowance. 

17.  To  find  any  South  Latitude  on  Land}  by  obfervathn  With  Thread 
and  Plummet . 

r  ..  •!  'VO  i  I  1  •;  ■  j 

'  ‘  !  »  • 

Set  the  fight  to  the  day  of  the  month, at  the  backfide  and  North  end 
if  the  Bow,  and  when  the  Sun  cometh  to  the  Meridian,  turning  the 
louth  end  to  your  left  hand  toward  the  North,  obferve  as  before,  and 
bate  20  degrees. 

Or  you  may  fee  the  fight  fo  the  day  of  the  month,  at  theforefide, 
nd  North  end  of  the  Bow,  and  fo  obferving  as  before,  the  Thread  will 
all  on  the  Complement  of  the  Latitude. 

!  v  >  1  v*  r  /  ' 

1  •  \  i  •  -  >  .  «*•«  **  * 

right  Afcenfion  of  thefe  S  tars  *  is  to  the  year  1670. 

1  Z  :  *  f  l  '  '  '»  ‘ 


‘he  Pole  Star  at  v 
’he  Rams  Head 
‘heHead  of  Mtidufa 
he  Side  ofPcrkus  * 
'he  Bulls  Eve  1 
'he ©oat  j*  i  :  1 
prions  left  fhouldcr 
firft 

;:rju  vhefccond 
'irdle*bethitd 
>rions  right  fhduldcr 
he  great  Dog  " 
,‘aftor  i.r  4 
he  little  Dog 
ollux 

he  Hydra's  Heart 


The  Lions  Heart 
The  great  Bears  Back 
Firft  in  gr.>  Bears  Tail 
The  Virgins  Spike 
Second  in  gr.Bears  Tail 
Third  in  gr.  Bears  Tail 
Air&urus 

The  Ibrmoft  Guard 
The  North  Crown 
The  hindmoft  Guard 
Scorpions  heart  & 

The  Harp 
Vulturs  heart 
Swans  tail 
mahant 


Anno  1 67®  v 

R.Afcen. 

Declin* 

d/ 

Pole  Star 

07  $3 

87  35 

2 

262  26 

82  2% 

4 

194  58 

26  28 

4 

Little  Bear  | 

240  24 

78  52 

4 

1 

247  24 

76  30 , 

5 

Firft  Guard  1 

223  37 

75  34 

2 

Second  Guard 

23 1  48 

71  J7 

3 

Great  Bear 

Snout 

1 18  48 

61  26 

4 

Eye 

121  00 

64  17 

4 

Forehead 

124  45 
127  10 

68  16 

67  47 

4 

4 

Ear  | 

1 3i  45 

7i  02 

5 

Neck  4 1 

32  10 

i 142  $0 

63  37 

62  02 

4 

I Bread 

144  36 

6 1  12  1 

4 

|Knee 

141  10 

59  49  1 

4 

Right  Foot 

156  10 

129  40 

I?  27 
l8  36 

3 

3 

r 

27  40 

48  26 

3’ 

la  the  fquarec 

160  48 

,160  -  08 

63  31 

58  09 

2 

2. 

!  1 

LI73  S4 

5S  3  J 

2 

■ 

179  50 

*8  53 

2 

» 

jit  ■  '•  ' 

■'  1  <  ■  ■  ■  V  •?  i 

190  ©0 

I  if 7  S° 

57  49 
J<$  41 

2 

3 

In  theTail ; 

►  _  ..  r' 

201  42 

5«  13 

2 

C4jfi&pe4. 

f  v  ?  T  •* 

R.»  Afctn*. 

Declin, 

:  ’  1  ■  ■ 

4  44 
f  3i? 

J2  OO 

4 

Breaft 

54  39 

3 

Wade 

17  *  J9 

55  50 

4 

Belly 

$8  48 

3 

Knee 

16  24 

58  25 

3 

Thigh 

?*•  4  9 

62  23 

3 

Foot 

l«  >  H 

<55  45 

1 4 

Chair  «jj 

61  00 

t 

1357  43 

57  JS 

1  .?i 

t 


Logarithm  thereof. 

w  .  «  N  \  i* 

the  Logarithm  of  the  firft  f 


T  Find  the  Logarithm  of  the  firft  four  Figures,  rejeft- 
J^ing  the  Chara&eriftick ;  then  obferve  the  difference  be¬ 
tween  that  and  the  next  following,  which  multiply  by 
ihe  laft  Figure  of  the  Number  given,  and  cut  off  one 
?igure  from  the  Product  towards  the  right  hand  5  the  reft 
ida  to  the  Logarithm  of  the  firft  four  Figures.  Laftly,  if 
?ou  prefixt  the  proper  Chara&eriftick  for  the  Number  gi* 
'en,  that  Logarithm  fo  ordered,  is  the  number  required. 

Example.  19438  being  propounded*  I  demand  the  Loga- 
^thm  thereof;  By  the  dire&ion  fore-going  I  find  the  Lo- 
arithm  of  the  firft  four  Figures,^.  1943,  to  be  ( rejedting 
faeChara&eriftlck  )  2884728,  alfo  I  fee  the  difference  be- 
ween  that  Number  and  the  Number  following  to  be 


1  jy,  which  I  multiply  by  the  laft  figure  of  the  Number 


ropounded,being  8  ;  and  that  fum  is  17880.  Wherefore  I 
dd  1788  to  2884728,  and  prefix  before  it  the  proper  Cha- 
ufteriftick  for  the  Number  given,  which  muft  be  4—  be- 
jiufe  that  is  the  Chara&eriftick  for  all  Numbers  from 
Iodoo  to  100000,  fois  produced  at  laft  4,  288<5ji<5,  which 
I  the  Logarithm  for  19438,  as  was  required. 


Yyyyy  Again, 


,  Again, 

Let  it  he  required  to  find  the  Logarithm  for  56714. 


- r  r r 


jarithm  of  the  firft  four  figures  t 
be  75  37 $'62,,  and  the  difference  between  that  and  the  nex 
j66 ,  and  multiplied  the  difference  by  4,  the  laft  figure  c 
the  fum  propounded,  of  which  adding  30 6  to  7517561 
they  make  755766%,  before  which  prefixing  the  Charads 
riftick  4,  the  Logarithm  for  56724  will  be  4, 75 37668,  th 
thing  required. 

And  for  94J95,  it  will  be  found  4,9749490,  &c. 


k.  i  /  -  * 

FINIS. 


\Thefe 'Books  following  are  ^Printed  for y  4nd  to  be  fold  by 
!  Francis  Eglesfield  at  the  Sign  of  the  Marigold  y  ■> 

i  .  in  St.  Paul’s  Church- yard. 

I  |  ■  [  ■  ;  ;  ;  '  .  . 

%  •*■  -  *  __ 

E^Sops  Fables  inBrofe  and  Verfe,  Illuftrated  with  Em¬ 
blems  orPi&ures,  and  alfo  Grammatically  Tranfla- 
ted  into  Profe,  with  apt  Morals,  and  Printed  according 
to  the  order  of  the  Latine  Copy  ;  Together  with  the  Hi- 
Iftory  of  his  Life  from  the  beft  Greek  Copies,  very  ufeful 
for  all,  but  efpecially  for  young  Scholars.  . 

Note,  There  is  lately  crept  forth  a  Counterfeit  thing 
under  the  Title  of  Efops  Fables,  and  the  better  to  colour ,  _ 
the  Jmpofture,  it  is  pranked  up  in  the  fame  Volume  and 
Drefs  with  the  true :  whereas  the  fame  is  none  of  Efif  s, 

'  but  a  confufed  Fardle  of  nonfenfe  fcrap’d  from  Poggim  and 
the  Seven  wife  Majiers ,  unworthy  of  e fop’s  name  *  and  no 
1  more  his  than  Scoggins  Tales,  or  the  Legend  of  Grannum 

shipton.  -  .  '  r  i 

The  true  one  hath  Efof  s  Pidure  on  a  Copper  Cut,  and  a 
Greek  Sentence  in  the  Title  Page,  and  is  both  in  Verfe 
andProfe,  the  Authors  Life  being  at  the  latter  end,  and 
newly  reprinted  the  eighth  time  by  /.  R.  1673.  for  Francis 
j  Egles fields  and  are  to  be  fold  by  him  at  the  Sign  of  the 
1  Marigold  in  St.  Pauls  Church-yard. 

Formula  OrAtori&y  in  ufum  Scholarum  concinnat cum  praxi  & 
ufu  earundem  in  EpiftoUsyThematibm,  rDecUmationibus  conteren - 
dux  Accejjit  Tux  Poe  tic  us  cum  fuis  aliquot  peematiolis^Editio  I  i.no- 
vijfima  Author  is  lima  expohtis  per  Jo  Clarke  B.D,  in  Twelves. 

The  Young  Mans  Memento  (hewing  bow,  wb?,znd  when, 
we  (hould remember  God. 

The  danger  of  being  almoft  a  Chriftian. 

Aword  to //m7in  the  Wildernefs ;  Or  the 
Araignment  of  Unbelief:  All  three  by  John  cbefhullyhte 
3  Minifter  of  Tiverton  in  Devon, in  Twelves. 

The 


The  Englifh  Rudiments  of  the  Latine  Tetigue,  ex¬ 
plained  by  Queftion  and  Anfwer,  in  OCtavo. 

Rhetoric*  Element*  Jn  O&avo,  both, by  William  Vugard,  late 
Matter  of  Merchant  Tailors  School,  Price  ttitcht  6  d. 

Rhetoric*  compendium  by  John  Horn,  late  Matter  of  Eaton 
Colledge,  in  Odavo. 

.  Theaccomplifhed  Accomptant,  being  a  tnoft  compen¬ 
dious  and  eafie  way  of  keeping  Merchants  Accompts  after 
the  Italian  manner,  by  John  Carpenter  Merchant,  in  Folio. 

The  Map  of  England,  with  all  the  Kings  about  it  lince 
the  Conqueft,  and  adefcription  of  them,  being  the  beft 
that  is  extant,  by  William  Hollar. 

‘Phrafeologi *  Pueriles,  Jive  Sermones ,  or  feled  Latine  and 
Englifh  Phrafes,  Methodically  and  Alphabetically  digfc- 
fted  byway  of  Common  place,  for  the  more  eafie  finding 
what  is  defired,  very  ufeful  for  young  Latinifts,to  prevent 
Barbarifm  and  bald  Latine  making,  and  to  initiate  them 
in  fpeaking  and  writing  eligantly  in  both  Languages,  by 
John  clerked.  D»  The  fourth  Edition,  recognized  and 
amended,  and  above  feven  hundred  choice-Phrafes  added) 
in  OCtavo.  *  '  iiJ?  I 

The  Grandeur  and  Glory  of  Prance ,  or  a  new  furveyof 
the  French  Court  and  Camp,  Illuflvated  with  the  parti¬ 
cular  Characters  of  his  molt  Chriftian  Majefty  now  Reign¬ 
ing, his  Confort  Royal,  the  Dauphin  of  the  bloud, Grand 
Minifter  of  State,  Chief  Martial,  Officers  and  Offices  by 
Sea  and  Land  ;  with  feveral  choice  Remarks  on  the  Poli¬ 
cies  and  prefent  Affairs  of  that  Puiffant  Monarchy,  by 
H.  c.  Gem.  ; 


THE  END. 
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Cepheus  Gir- 
He  | 
Right  flioulder 
Left  fhouldcr 
Head 

Right  foot 
Left  foot 


82  34 
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83  48 
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288  14 

W5  *4 
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Draco 
Tongue 
Mouth 
Eye 

Head 
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i  winding 
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The  End  of  the  Second  Book 
of  the  Crcfs*Su& 


— .r-5 


The  right  Jfcenjton ,  Declination 5  and 

Magnitude  of  fome  principal  fixed  Stars. 


The  Stars  Names. 

Right 

Aicenii. 

Decli-  i 
nation,  j 

j  ‘ 

Magni¬ 

tude, 

.  r  ■  !i 

D.  M. 

D.  ] 

M. 

The  Pole-Star 

7 

47 

87 

2.7 

N 

1 

The  Girdle  of  Andromeda 

ii 

32 

33 

48 

N 

1 ' 

The  former  Horn  of  the  Rain  I 

2-3 

38 

17 

37 

N 

4 

Bright  Star  ia  the  Ram’s  Head  1 

2  6 

9* 

ii 

48 

N 

3 

The  Whale’s  Jaw 

3 

1 

41 

N 

1 

The  Head  of  Medusa 

41 

*7 

39 

35 

N 

3 

T  he  Bull’s  Eye 

6  4 

0 

if 

46 

N 

1 

The  Goat 

71. 

44 

45 

35 

N 

1  ' 

The  former  Shoulder  of  Orion 

7 6 

3* 

4 

59 

N 

1 

The  latter  Shoulder  of  Orion 

84 

7 

7 

ig 

N 

1 

The  great  Dog 

97 

2-7 

16 

*3 

S 

1 

The  uppermofl:  Head  of  the  Twins  J 

I08 

1 

3* 

35 

N 

1 

The  little  Dog  1 

i  ro 

17 

6 

6 

N 

1 

The  lower  head  of  the  Twins 

hi 

0 

28 

49 

N 

1 

The  Crib 

nf 

4 

10 

52- 

N 

Neb. 

Hydras  Heart 

137 

3? 

7 

10 

S 

1 

Lion’s  Heart 
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and  Tangents,  for  the  drawing  of  Hour-lines  on 
all  forts  of  Planes. 

I..  X '  -  'AA,  r'v/-vr  i-4 

v  /  /  \  ->a  v  \  •  ■*,  u/~  -7  T' 

•  "A  A  •  **'S\  ••  v\A  A  /  >  /V  /  y  r** 

Here  are  ten  feveral  forts  of  PlaneSi  which  take  their,  denoirfinati-  -f 
on  from  thofe  Great  Circles  to  which  they  are  Paracels,  arid5 
may  fufficiently  for  our  ufe  be  reprefented  in- this  one. Funds,, 
pental  Diagram,  and  be  known  by  their  Horizontal  and  Perpendicular 
tines,  of  fiich  as  know  the  Latitude  of  the  Place,  and  the  Circles  of  the 
’here.  .  X\  )W 


?\ 


;  rcpretenc^|y 


L  l  *.A  Vertical  Plane,  parallels  the,  prime  Vernal  Ciin^#kich  paf- 
|.th  through  the  Zenith,  and  the  Points  of  Eaft  and  Weft  in  the  Hori- 

”•  ““ 

J.  A  Polar  Plane  parallel  to  the  Circle  of  the  Hour  of  6,  which  paffeth 
ir°ugh  the  Pole,  and  the  Points  of  Eaft  and  Weft,  being  right  to  the 
quinb&ial  and  the  Meridian,  but  inclining  to  the  Horizon,  with  an  Angle 


]«al  to  ^.Latitude.  This  is  here  reprefented  by  EPW.’. 

T  *®  Equinoftial  Plane  parallel  to  the  Equinoaial ,  which  pafleth 

IfOHph  flip  Prtitift  Af  Pad  ond  W*A  _ _ L.  •  J-  i  .  ♦ 


tough  the  Points  of  Eaft  and  Weft,  being  tight  to  the  Meridian,  but  in- 
mrng  to  the  Horizon,  with  an  Angle  equal  to  the  Complement  of  the 
|ticude.  This  is  here  reprefented  by  E  A  W.  '  ' ' 

I  S«  A  Vertical  Plane  inclining  to  the  Horizon,  parallel  to  any  Great 


6„  A  Meridian  Plane  parrllelto  the  Meridian,  the  Circle  of  the  Hoi 
of  I J,  which  paffeth  through  the  Zenith,  the  Pole,  and  Pointsof  tl 
South,  a  ad  North,  being  right  to  the  Horton,  and  the  prune  Verno 

T^' A  Meridian  Plane^ndining  to  the  Horizon,  parallel  toafly  Gre 
Circle,  which  paffeth  through  the  Points  of  South  and  North,  being  r^ 
tQ  the  prime  Vertical,  but  inclining  to  the  Horizon.  This  is  here  repreler 

$  AVtt'ticalDeclining  Plane,  parallel  to  any  Great  Circle,  whichp 
&th  through  the  Zenith,  being  right  to  the  Horizon,  but  inclining  to  t 
Meridian,,  TbisisreprefclftedBy 


The  'DifUnBion  of  Thats, 


rADeJcriftm  of  the  fundamental  Diagram]  | 

I  5.  A  Polar  Declining  Plane,  parallel  to  any  Great  Circle,  which  paffeth 
through  the  Pole,  being  right  to  the  Equinoctial,  but  inclining  to  tne  Me¬ 
ridian.  This  is  here  reprefented  by  H  P 

10.  A  Declining  Inclining  Plane,  parallel  to  any  Great  Circle,  which 
is  riglp  to  none  of  the  former  Circles,  but  declining  from  the  primq  Ver¬ 
tical,  and  inclining  both  to  the  Horizon  and  the  Meridian,  and  all  the 
Hour-circles.  This  may  here  be  reprefented  either  by  B  M  D,or  B  F  D,or 
BKD,  oranyfuch  Great  Circle,  which  pafleth  neither  through  the  South 
and  North,  nor  Eaft  and  Weft  points,  nor  through  the  Zenith,  nor  the 

Pole.  f 

Each  of  thefe  Planes  (except  the  Horizontal )  hath  two  Faces  whereon 
Hour-lines  may  be  drawn,  and  To  there  are  nineteen  Planes  in  all.  The 
Meridian  Plane  hath  one  Face  to  the  Eaft,  and  another  to  the  Weft  2  The 
other  Vertical  Planes  have  one  to  the  South,  and  another  to  the  Norths 
and  the  reft  one  to  the<Zenith,and  another  to  the  Nadir :  but  what  is  laid 
©f  the  one,  may  be  underftood  of  the  ocher. 

Todtfcribe  the  Fundamental  Diagram* 

« 

The  Defcription  of  this  Diagram  is  fee  down  at  large  in  the  life  of  my 
ScRor,  Chafm  3.  But  for  this  purpofe  it  may  fuflice,  if  it  have  the  Vertical 
[Circle,  the  Hour-circles,  the  Equator,  and  the  Tropicks  firft  drawn  in  ir9 
other  Circles  may  be  fupplied  afterwards,  as  we  (hall  have  ufe  of  them  s 
And  thofe  may  be  readily  drawn  in  this  manner. 

Let  the  outward  Circle  reprefenting  the  Horizon  be  drawn, and  divided 
into  four  equal  parts  with  S  N  the  Meridian  and  E  W  the  Vertical,  and 
jeach  fourth  part  into  90  gn  That  done,  lay  a  Ruler  to  the  point  S,  and 
leach  Degree  in  the  Quadrant  E  N,  and  note  the  Inter  fc&ions  where  the 
Rider  crofleth  the  Vertical,  fo  fhall  the  Semidiameter  E  C  be  divided  into 
other  po^r.and  from  thence  the  other  Semidiameters  may  be  divided  in 
the  fame  fort.  Thefe  may  be  numbred  with  10, 20, 30,  from  E  to¬ 
ward  C,  and  for  variety  with  I©,  20,  3  o,  &c.  from  C  toward  W.  But 
for  the  Meridian,  die  South  part  would  be  beft  numbred  according  to  the 
Declination  from  the  Equator,  and  the  North  part  according  to  the  di- 
ftance  from  the  Po’e. 

Then  with  reipe£t  unto  the  Latitude, which  here  we  fuppofe  to  be  $igr. 

130  an.  open  the  Compafles  unto  38^.  30  «.  from  C  toward  W,  and 
prick  them  down  in  the  Meridian  from  C  unto  P,  fo  this  point  P  fhall 
reprefent  thePole  of  the  World,  and  through  it  muft  be  drawn  all  the 

Hour-drcles,  Aaa  2  Having 

-  -  -  /  „ 


•  AJ>efcrij>timif'ifo  Vmlmentdt>hgUYiii 

Having  three  points  E,  1?,  W, find  their  Center,  which  will  fail  in  th< 
Meridian  a  little  without  the  point  S,  and  draw  them  into  a  Circle  E  P  W 
which  will  be  the  Circle  of  the  Hour  ^of  6 » 

Through  this  Center  of  the  Hour  of  6,  draw  an  occult  Line  at  length 
parallel  to  E  W,  fo  this  Line  fhall contain  the  Centers  of  all  theochei 
Hour-circles.  Where  the  Circle  of  the  Hour  of  6  croffeth  this  occul 
Line,  there  will  be  the  Centers  of  the  Hour-circles  of  £  and  p  The  d* 
'fiance  between  thefe  Centers  of  p  and  ft  will  be  equal  to  the  Seraidiatne- 
ters  of  die  Hour-circles  of  io  and  2  :  and  where  thefe  two  Circles  of.  ic 
and  2  fhallcrofs  this  occult  Line,,  there  will  be  the  Centers  for  the  Hour- 
circles  of  1 1  and  *nd  5  and  iv  Again,  divide  the  diftance  between  th 
Centers  of  10  and  2  into  three  equal  parts ,  fo  the  feet  of  the  Compafle 
will  reft  in  two  points ;  the  one  is  the  Center  of  the  Hour  circle  of  8,  ant 
the  other  the  Center  of  the  Hour-circle  of  4  ;  and  the  extent  of  the, Com 
paffes  to  one  of  thefe  third  parts  fhall  be  the  true  Semidiameter  of  thef 
Circles,  if  there  be  no  error  committed  in  the  finding  of  the  other.-Gcn 
ters, 

J  -  »  -  -  .  *  #  *  •  t 

The  Hour-circles  being  thus  drawn,  take  51  gr,  30  m,  from  C.towart 
W,  and  prick  them  down  in  the  South  part  of  the  Meridian  from  . C  unt* 
A,  and  bring  the  third  point  E  A  W  into  a  Circle,  this  Circle  fo  cjrawi 
fhall  reprefent  the  Equator.  . 

The  Tropick  of  $  is  23  gr.  30  m.  above  the  Equator,  and  6 6  gr,  30m 
diftant  from  the  Pole,  and  io  in  this  Latitude  it  will  crofsthe  SoutPpar 
of  the  Meridian  at  2  8  gr,  from  the  Zenith,  and  the  North  part  of  the  Me 
ridian  at  1  ?  gr ♦  below  the  Horizon.  Take  therefore  2.8  gr,  from  C  towan 
W,  and  prick  them  down  in  the  Meridian  from  C  unto  L,  fo  have  you  th 
South  Interfe&ion.  Then  lay  the  Ruler  to  the  pome  E,  and  1 5  gr,  in  th 
Quadrant  N  E,  numbred  from  N  toward  E,  and  note  w  here  it  croffeth  ih 
Meridian,  fo  fhall  you  have  the  Norch  Intcrfefiion.'  The  half  way  be 
tween  thefetwo  In.erfedhons  will  fall  in  the  Meridian  at  the  point  a  a  a  a 
and  the  Circle  drawn  on  the  Center  a,  and  Semidiameter  a  L>  fhall  repre 
fent  the  Tropick  of  SB  ,  and  here  crofs  the  Horizon  before  4  in  the  morn 
ang,  and  aftei  8  in  the  evening,. a boir  40  gr.  North wardir  m  E  and^f 
according  to  th?  R;fi»g  and  Setting  of  the  Sun  at  his  durance  into 

The  Tropick  c£  if, is  2 %gr  30  w.. below  the  Equator,  and  113  gt 
30  m,  diftant  fn  m  the  N01  th  Pole,  fo  that  in  this  Latitudes  ceffethch 
South  part  of  the  Meridian  at  js  gr,  from  toe  Zenith,  and  the  North  par 
of  die  Meridian  at  62  gr,  below  the  Horizon.  Take  therefore  7  5^ 
from  C  tow  aid  W*  and  prick  them  down  in  the  Meridian  frorh  C  unto  T 


it  '"t ~  *  V ,£>-•"  +7  iv-  *\vfc?' 
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fohave  yoti  the  South  Interfe$ion ;  then  lay  the  Ruler  to  the  point  E, 
and  fogr*  in  the  Quadrant  N  E  numbred  from  N  toward  E,  and  note 
where  it  crofleth  the  Meridian,  f(?fhall  you  have  the  North  Interfe$ion. 
The  half  way  between  thefe  two  Interfe£fions  fhall  be  the  Center  whereon 
you  may  deferibe  the  Tropick  of  *j>,  and  thisTropick  will  crofs  the  Hori¬ 
zon  after  S  in  the  Morning,  and  before  4  in  the^  Evening,  about  40  gr. 
'Southward  from  E  and  W,  according  to  the  riling  and  fetting  of  the  Sun 
lathis  entrance  into  1#.  '  * 

To  find  the  Inclination  of  any  Plane • 

'  \  r  •  ;  .v  '<  1 

For  the  diftinguifliing  of  thefe  Planes,  we  may  find  whether  they  be 
Horizontal,  or  Vertical, or  inclining  to  the  Horizon,  and  how  much  they 
jindine,  either  by  the  ufual  Inclinatory  Quadrant,  or  hy  fitting  a, Thred 
land  Plummet  unto  the  Se6biv 

For  let  the  Se&or  be  opened  to  a  Right  Angle,  the  Lines  of  Sines  to  an 
jAnjgle  of  90  gr.  inward  edges  of  the  Se&or  to  90 gr,  and  let  a  Thred  and 
Plummet  be  hanged  upon  a  Line  parallel  to  the  edges  of  one  of  the  Legs, 
ifo  that  Leg  fhall  be  vertical  and  the  other  Leg  parallel  to  the  Horizon. 

If  the  Plane  feem  tabe  vertical  (like  the  Wall  of  an  upright  Building^ 
you  may  try  it  by  holding  the  Se&or,  fo  that  the  Thred  may  fall  upon  his 
Plummet-line :  For  then  if  the  vertical  edge  of  the  Se6lor  fhall  lie  clofe  to 
he  Plane,  the  Plane  is  ere&,  and  therefore  faid  to  be  vertical ;  and  if  you 
draw  a  Linc  by  that  edge  of  the  Senior,  it  fhali  be  a  Vertical  Line. 

If  the  Plane  feem  to  be  level  with  the  Horizon,  you  may  try  it  by  fee¬ 
ling  the  Horizontal  Leg  of  the  Sedbr  to  the  Plane,  and  holding  the  other 
Leg  upright :  For  then  if  the  Thred  fhall  fall  on  his  Plummet-line, which 
vay  foever  you  turn  the  Se&or,  it  is  an  Horizontal  Plane, 
j  If  the  one  end  of  the  Plane  bt  higher  than  the  other,  and  yet  not*verti- 
lal,  it  is  an  inclining  Plane,  and  you  may  find  the  Inclination  in  this  , 
banner.  '  ' 

Firft  hold  the  Vertical  Leg  of  the  Se$or  upright,  and  turn  the  Hori¬ 
zontal  Leg  about,  until  it  lie  clofe  with  the  Plane,  and  tiro  Thred  fail  on? 
jiis  Plummet-line  5  fothe  Linje  drawn  by  the  edge  of  that  Horizontal  Leg 
aall  be  an  Horizontal1  Line. 

j  Suppofe. the  Plane  to  be  B  G  E  D,  and  that  B  D  were  thus  found  to  be 
lie  HorfeontarLine  upon  the  Plane,  then  may  you  crofs  the  Horizontal  ; 
!>ine  at  Right  Angies  with  a  Perpendicular  CF:  chat  done,  if  ydu  fee 
fleofthe  Legs  of  the  Seftor  upon  the  Perpendicular  Line  CF,  and 

make. 


make  the  other  Leg  with  a  Thred  and  Plummet  to  become  Vertical,  y 
lhall  have  the  Angle  betweenthe  Vertical  Line  and  the  Perpendicu  s 
the  Plane,  as  before  in  the  Ufc  ©f  the  SeOor,p*g.  the  Comp 

anent  of  this  Angle  is  the  Inclination  of  the  Plane  to  the  Horizon. 


To  (ini  the  Declination  if  *  TUnt. 


* 


The  Declination  of  a  Plane  is  always  reckoned  m  the  Horizon tow 
the  Line  of  Eaft  and  Weft,  and  the  Horizontal  Lmeupon  die  1 ?lane. 
in  the  Fundamental  Diagram,  the  prune  Vertical  Line  (which  »  *e  L 
-of  Eaft  and  Weft)  is  E  C  W,;  if  the  Horizontal  Line  of  the  Plane  f 
pofed  lhall  be  B  C  D,  the  Angle  of  Declination  is  E  C  B. 

P  But  becaufe  a  Plane  may  decline  divers  ways,  that  we  may  the  better 
:ftinguilh  them,  we  confider  three  Lines  belonging  to  every  Plane  .  • 


i 


To  find  the  tieclinatm  of  a  thnil  7/ 

[  ftisthe  Horizontal  Line  $  the  fccond,  the  Perpendicular  Line*  eroding 
ic  Horizontal  at  Right  Angles;  the  third,  the  Axis  of  the  Plane,  eroding 
3th  the  Horizontal  Line,  andhis  Perpendicular,  and  the  Plane  ic  felf  at 

The^Perpendi’cular  Line  doth  help  to  find  the  Inclination  of  the  Plane, 

(j  before;/  the  Horizontal,  to  find  the  Declination  ;  ,  the  Axis,  to  give 
^nomination  unto  the  Plane. 

For  example  e  In  a  Vertical  Plane  in  the  Fundamental  Diagram,  repre- 
ntedbyFZW,  the  Horizontal  Line  is  ECW,  the  fame  with  the  Line 
f  Eaft  and  Weft,  and  therefore  no  Declination.  The  Perpendicular  crof- 
ng  it  is  C  Z,  the  fame  with  the  Vertical  Line,  drawn  from  the  Center  to 
ie  Zenith,  right  unto  the  Horizon,  and'” therefore  no  Inclination.  The 
.xisof  the  Plane  is  S  CN,  the  fame  with  the  Meridian  Line,  drawn  from 
ie  South  to  the  North,  and  accordingly  gives  the  denomination  to  the 
lane.  For  the  Plane  haring  two  Faces,  and  the  Axis  two  Poles,  S  and 
1,  the PoleS  falling  direftly  into  the  South,  doth  caufe  that  Face  to 
ditch  it  is  next,  to  be  called  the  South  Face ;  sod  the  other  Pole  at  N, 
aiming  into  the  Norths  doth  gire  the  denomination  to  the  other  Face, 
nd  make  it  to  be  called  the  North  Face  of  this  Plane. 

In  liketnanner,  in  the  Declining  Inclining  Plane  in  the  Fundamental 
)ia°ram,  repreftnted  by  B  F  Dj  the  Horizontal  Line  is  B  C  D,  whicir 
roffeth  the  prime  Vertical  Line  E  C-W,  and  therefore  ic  is  called 
Declining  Plane,  according  to  the  Angle  of  Declination  EC  B  or 
VCD.  The  Perpendicular  to  this  Horizontal  Line  is  C  F,  where  the 
aim  F  falleth in  the  Plane  QZH  perpendicular  _  to  the  Plane  propofedi 
etween  the  Zenith  and  the  North  part  of  the  Horizon  ;  and  therefore  ie 
icalled  a  Plane  inclining  to  the  Northward,  according  to  the  Ark  F  Qj, 
r  the  Angle  F  C  Qi,  The  Axisof  the  Plane  is  here  reprefented  by  the 
dneCK)  where  the  Pole  K  is  pa  gr.  diftant  from  the  Plane,  and  fo  is  as 
ouch  above  the  Horizon  at  H,  and  the  other  Pole  as  much  below  the  He- 
izon-at  Q,  as  the  Plane  at  F'  is  diftant  from  the  Zenith:  And  this  PoIeK 
ere  falling  between  the  Meridian  and  the  prime  Vertical  Circle  into  the 
outhweft'  part  of  the  Woild,  this  upper  Face  of  the  Plane  is  therefore 
ailed  the  South-weft  Face,  and  the  lower  the  North-eaft  Face  of  the 

The  Declination' from  the  prime  Vertical  may  be  found  by  the  Needle 
a  the  ufual  InTSnatory  Quadrant,  or  rather  by-  comparing  the  Honzon- 
»l  Line  drawn  upon  the  Plane,  with  the  Azimuth  of  the  Sun,  and  the 
steridian  Line,  jn-fuch  fort  as  before  we  found  the  Variation  of  the  Mag- 


*1 


netical  Needle.  Fcr  cake  any  Board  that  hath  one  fide  fhaight,  and 
draw  as  in  the  laft  Diagram  the  L’ne  H  O  parallel  to  that  fide,  and  the 
Line  Z  M  perpendicular  unto  it,  and  on  the  Center  Z  make  a  Semicircle 
H  M  O  :  this  done,  hold  the  Board  to  the  Plane,  fo  as  H  O  may  be  paral 
lei  to  B  D  the  Horizontal  Line  on  the  Plane,  and  the  Board  parallel  tcEb< 
Horizon  :  then  the  Sun  fhining  upon  if,  hold  out  a  Tlired  and  Plummet 
io  as  the  Tlired  being  Vertical,  the*fiiadow  of  the  Sun  may  fail  oji  the 
Center  Z  ;  and  draw  the  Line  of  Shadow  A  Z,  rcprefentingthecommor 
Sedk'on  which  the  Azimuth  of  the  Sun  makes  with  the  Plane  of  the  Ho 
rizon,  and  let  another  take  the  Altitude  of  the_Sun  at  the  fameinftant: 
fo  by  refolving  a  Triangle,  as  I  fhewed  before,  you  fnay  find  what  Azi¬ 
muth  the  Sun  was  in  when  he  gave  fhadow  upon  A  Z • 

Suppofe  the  Azimuth  to  be  72^.  $2«*.from  the  North  to  the  Weft- 
ward, and  therefore  17^.8  m.  from  the  Weft?  wetnay  allow  thefe  17 gr, 
8  w.from  A  unto  V,and  draw  the  Line  Z  V, and  fq  we  have  the  true  Wei 
point  of  the  prime  Vertical  Line  ;•  then  allowing  90 gr,  from  V  unto  S, 
we  have  the  South  point  of  the  Meridian  Line  Z  S,  and  the  Angle  H  Z  V 
fhall  give  the  Declination  of  the  Plane  from  the  Vertical,  and  the  Aisgl 
OZS  the  Declination  of  the  Plane  from  the  Meridian. 

Or  we  may  take  out  only  the  Angle  A  Z  H,  which  the  Line  of  Shadow 
makes  with  the  Horizontal  Line  of  the  Plane,  and  compare  it  with  chi 
Angle  A  Z  V,  which  the  Line  of  Shadow  makes  widijhe  prime  Vertical 
And  fo  here,  if  A  21  V  the  Suns  Azimuth  fhall  be  17  gr,  8  m,  paft  tht 
Weft,  and  yet  the  Line  of  Shadow  A  Z  7  gr,Hm,  fhort  of  the  Plane,  tb 
Declination  of  the  Plane  fhall  be  24 gr,  20  m,  as  may  appear  by  the  fit 
of  the  Plane  and  the  Circles. 

If  the  Altitude  of  the  Sun  be  taken  at  fuch  time  as  the  Shadow  of  chi 
Thread  fallerh  on  B  D  or  H  O,  and  then  a  Triangle  refolved,  the  Declina¬ 
tion  of  the  Plane  will  be  fuch  as  the  Azimuth  of  the  Sun  from  the  Primi 
Vertical. 

If  at  fuch!  a  time  as  the. Shadow  falleth  on  M  Z,  the  Declination  will  b 
fuch  as  the  Azimuth  of  the  Sun  from  the  Meridian, 

If  it  be  a  fair  Summers  day,  you  may  firft  find  what  Altitude  the  Sut 
will  have  when  he  cometh  to  the  due  Eaft  or  Weft,  and  then  expe$  unti 
he  come  to  that  Altitude,  fo  the  Declination  of  the  Plane  fhall  be  fuch  a 
the  Angle  contained  between  the  Line  HO  and  the  Line  of  the  Shadow. 

Having  diftinguifhed  the  Planes*  the  next  care  will  be  for  the  placing  0: 
the  Style,  and  the  drawing  of  the  Hour-lines.  ,r  I  * 

The  Style  will  be  as  the  Axis  of 'the  World*  fcmetimes  parallel  toth< 
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Plane,  fometimes  perpendicular,  fometimes  cut  the  Plane  with  Oblique 
Angles, 

The  Hour- lines  will  be  either  parallel  one  to  the  other,  or  meet  in  a 
Center  with  equal  Angles,  or  meet  with  unequal  Angles.  If  the  Style 
be  perpendicular  to  the  Plane,  the  Angles  at  the  Center  will  be  equal; 
and  this  falls  out  only  in  the  South  and  North  Face  of  the  Equino&ial 
Plane*  If  the  Style  be  parallel  to  the  Plane,  the  Hour-lines  will  be  alfo 
parallel  one  to  another  ;  and  this  falls  out  in  all  Polar  Planes,  as  in  the  Eaft 
and  Weft  Meridian  Planes  parallel  to  the  Circle  of  the  Hour  of  12,  in  the 
lapper  and  lower  dire<ft  Polars,  parallel  to  the  Circles  of  the  Hour  of  6, 
land  in  the  upper  and  lower  declining  Polars,  which  arc  parallel  to  any  of 
:he  other  Hour-  circles. 


But  in  the  Horizontal  and  all  other  Planes,  the  Style  will  cut  the  Plane 
with  an  acute  Angle,  and  the  Hour- lines  will  meet  at  the  root  of  the 
Style,  and  there  make  unequal  Angles. 


CHAP.  I. 


To  draw  the  Hour-lines  in  an  Equinoftial  Tlane. 

AN  Equinoctial  Plane  is  that  which  is  parallel  to  the  Equino&iai 
Circle  here  represented  by  E  A  Y>  wherein  the  (paces  between  the 
rlour-circles  being  equal,  there  is  no  need  of  further  Precept,  but  only  to 
iraw  a  Circle,  and  to  divide  it  into  24  equal  parts  from  the  24  Hours, and 
ubdivide  each  Hour  into  Halves  and  Quarters,  and  then  to  fee  up  the 
Style  perpendicular  to  the  Plane  in  the  Center  of  the  Circle.  The  help 
vhich  thefe  Lines  of  Proportion  do  here  afford  us,  is  only  in  the  divifion 
)f  the  Circle,, which  may  be  done  readily  by  that  which  I  (hewed  before 
n  th^  Firft  Book  of  the  'Setter. 

For  Example:  Suppofe  the  Semidiameter  of  the  Equino&ial  Circle  to 
)e  fix  Inches,  and  that  it  were  required  to  know  the  diftance  of  the  Hour- 
toifits  each  from  other ;  here  each  Hour  being  1 5  g r.  diftant  from  other,  I 
xtend  the  Compares  from  the  Sine  of  5  o  gr,  unto  the  Sine  of  7 gr.  30  m. 
he  half  of  1 5:  gr .  and  I  find  the  fame  extent  to  reach  in  the  Line  of 
lumbers  from  <5.  00  unto  1.  56. 

Orincrofs  work  I  extend  them  from  the  Sine  of  30  gr.  unto  6»  00  in 
he  Line  of  Numbers,  the  fame  extent  will  reach  from  the  Sine  of  7  gr. 
0  unto  I.  56  in  the  Line  of  Numbers ;  which  (hews  that  in  a  Circle 
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CHAP.  II. 


To  draw  the  Hour-lines  in  a  Dirett  Polar  Plane* 

AE>ire&  Polar  Plane  is  that  which  is  parallel^  the  Hour  of  6j  £ic 
here  reprefented  by  IP  W>  wherein  the  Style  will  be  parallel  tc 
the  Plane,  and  the  Hour* lines  parallel  one  to  the  other  ;  and  therefor* 
maybe  beft  drawn  by  that  which  I  have  (hewed  in  the  Ufe  of  the  Seftor 
They  may  be  alfo  drawn  by  the  help  of  thefe  Lines  of  Proportion,  in  thi 
manner. 

Firft  draw  a  Right  Line  W  E  for  the  Horizon  and  the  Equator,  anc 

crol 


in  t  Polar  Plane, 

-  .  i  " 

tofs  it  at  the  Point  C ,  about  the  middle  of  the  Line, 
ivith  C  B  another  Right  Line,  which  may  ferve  for 
:he  Meridian  and  the  Hour  cf  1 2,  and  muft  alfo  be  the 
jSubftylar  Line  wherein  the  Style  fhall  ftand.  Then,  to 
proportion  the  Style  unto  the  Plane,  consider  the  length  of 
he  Horizontal  Line,  and  what  Hour-lines  you  would 
lave  to  fall  on  your  Plane. 

For  the  diftance  of  any  one  Hour- line  from  the  Meridi- 
tn  being  known ,  we  may  find  both  the  length  of  the 
ityle,  and  the  diftance  of  the  reft :  becaufe. 

As  the  Tangent  of  the  Hour  given y 
Is  to  the  Diftance  of  the  Meridian  : 

So  the  T angent  of  45  gr. 
j  To  the  Height  of  the  Style, 

Suppofe  the  length  of  the  Horizontal  Line  to  be  12  In- 

Eies,  and  that  it  were  required  to  put  on  all  the  Hour- lines 
om  7  in  the  Morning  umo  5  in  the  Evening.  Here  we 
tave  5  Hours  and  6  Inches  in  either  fide  of  the  Meridian  : 
jflfherefore  I  allow  1  $  gr,  for  an  Hour,  and  extending  the 
Sompaffes  from  the  Tangent  of  7$  degrees,  I  find  the 
,imc  extent  to  reach  in  the  Line  of  Numbers  from  69  o  to 
bout  161*  This  fhews  both  the  height  of  the  Style,  and 
he  diftance  of  the  Hour- points  of  p  and  3  from  the  Meri- 
pan,  to  be  1  Inch  61  parts. 

Tfi  find  the  length  of  the  Tangent  between  the  Subftylar 

and  the  Hour-points, 

%As  the  Tangent  of  45  gr. 

To  the  Tangent  of  the  Hour  : 

So  the  Height  of  the  Style 

To  the  length  of  the  Tangent  line  between  the  Sub- 
ftylar  and  the  Hour  points. 

Thus  having  found  the  length  of  the  Style  in  our  Ex- 
mple  to  be  1.  6r,  if  I  extend  the  Compares  from  the 
Tangent  of  45  gr,  unto  the  Tangent  of  1 5  gr.  the  meafure 
>f  the  firft  Hour  from  the  Subftylar,  I  fhall  find  the  fame 
xtentto  reach  in  the  Line  of  Numbers  from  1.  61  unto 
43,  for  the  length  of  theTangent  between  the  Subftylar 
ind  the  Hour- points  of  ix  and  1.  If  I  extend  them 
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from  the  Tangent  of  45  gr.  unto  the  Tangent  of  7  5  gr-  *e  meafute  o. 
the  fifth  Hour,  I  ihall  find  them  to  reach  in  the  Line  of  Numbers  fron 
i.  6 1  unto  6.  oo,  for  the  length  of  the  Tangent  from  the  Subftylar  t< 
the  Hour-points  of  7  and  p  Forhowfoever  it  be  the  fame  diftance  mth 

Line  of  Tangents  from  45  to  75,  as  from  4; 
unto  15  ;  yet  becaufe  75  are  more,  and  15  lei 
than  45  ,  the  Tangent  Lines  that  an  fiver  t 
them  will  be  accordingly  more  or  lefs  than  th 
length  of  the  Style. 

Again,  If  I  extend  them  from  4?  gr.  in  di 
Tangents  unto  30  gr.  the  meafure  of  the  fecon 
Hour,  I  fhall  find  them  reach  in  the  Line  c 
Numbers  from  1. 61  unto  o.  93  for  the  Hour  ( 
10  and  2  :  If  I  extend  them  from  the  Tanga 
of  45  gr.  unto  the  Tangent  o5-  60  gr.  for  tl 
fourth  Hour,  I  fhall  find  them  to  reach  in  tl 


iwm  Lit  i  |  a  »-«*'**  * - — 

Line  of  Nuxubers  from  I.  61  unto  1.79,  andfuch  is  the  length  of  t 
Tangent  Line  from  the  Subftylar  unto  the  Hour  of  8  and  4.  And  t 
like  Reafon  holdeth  for  the  inferibing  of  all  other  Tangenc  Lines  m  tl 
Propofitions  following. 

But  for  fuch  Tangents  as  fall  under  45  gr.  I  may  better  ufe  crc 
Work,  and  extend  the  Compares  from  the  Tangent  of  45  gr.  unto  u 
in  the  Line  of  Numbers,  fo  ihall  I  find  the  fame  extent  to  reach  fre 
30  (rr.  in  the  Tangents,  to  9 1  parts  in  the  Line  of  Numbers,  for  the  ( 
fiance  of  the  fecond  Hour  ;  and  from  1 5  gr.  in  the  Tangents,  to  43  pa 
for  the  difiance  of  the  fiiftHour  from  the  Meridian. 
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W  a,  Meridian  Plane*  *3 

0rif  this  extent  from  4?  gr.  backward  to  1.  6 1  be  too  large  for  the 
Cnmoaffes,  I  may  extend  them  forward  from  the  Tangent  of  $gr. .43 
to  1.  6 1  parts  in  the  Lines  of  Numbers,  and  the  fame  extent  tliall  reach 
from  in  the  Tangents,  1043  parts  in  the  Lines  of  Numbers,  tor 
thcdiftance  of  the  fir  ft  Hour ;  and  from  $ogr.  to  93  parts,  for  the  di- 

Iftance  of  the  fecond  Hour,  as  before.  .  .  T  ,  ,  - 

;  Having  found  the  length  of  the  Tangent  Lines  in  Inches  and  parts  of 
Inches  and  pricked  them  in  the  Equator  on  both  fides  of  the  Meridian, 
ifrom  the  Center  C ;  if  we  draw  Right  Lines  through  each  of  thofe 
Points,  eroding  the  Equator  at  Right  Angles,  they  (hall  be  the  Hour- 
|  lines  required  ;  andif  we  fet  a  Style  over  the  Meridian,  fo  as  the  edge  of 
it  be  parallel  to  the  Plane,  and  the  height  of  it  be  as  much  above  the  Me¬ 
ridian  as  the  difhnce  between  the  Meridian  and  the  Hour- points  of  3  and 
|  Q  ic  ftaU  reprefentthe  Axis  of  the  World,  and  be  truly  placed  for  the 
I  cafting  of  the  Shadow  upon  the  Hour  lines  in  a  Polar  Plane. 


1 4  * The  Defcriptm  of  the  Hour-Urns 


CHAP.-IIL 

To  draw  the  Hcnr- lines  in  a  Meridian  Plane. 

A  Meridian  Plane  is  that  which  is  parallel  to  the  Meridian  Ciifcle  in 
the  Fundamental  Diagram,  reprefented  by  S  Z  N  ;  it  hath  two 
Faces,  one  to  the  Eaft,  and  the  other  to  the  Weft ;  in  each  of  them  the 
Style  will  be  parallel  to  the  Plane,  and  the  Hour-lines  parallel  one  to  the 


C  Z,  and  an  occult  Horizontal  Line  C  N,  croffing  one  the  other  at  Right 
Angles  is  the  Point  C,  the  Equator  AC  will  cut  the  Vertical  with  an 

.  Angie 


in  an  Horizontal  Plane. 

,ngle  ZC  A,  equal  to  the  Latitude  of  the 
lace  ;  then  may  we  crofs  the  Equator  at  Right 
mgles  with  the  Line  C  B  for  the  Hour  of  6, 
id  from  this  fet  off  the  Hour-points  in  the 
quator,  as  in  the  former  Prop. 

For,  fuppofing  the  length  of  the  Style 
to  be  I©  Inches,  the  length  of  the  Tan- 
•ht  Line  belonging  to  the  firft  Hour  will  be 
In,  6 8  p .  the  length  of  the  fecond  5  In,  77  p. 

5  in  the  Table.  Then  the  Tangent  of  1 5gr. 
sing  prickt  down  in  the  Equator  on  both 
des  from  6 ,  fhall  ferve  for  the  Hours  of  $ 
jid  7 ,  and  the  Tangent  of  g©  gr .  for  the 
[ours  of  4  and  8 ;  and  fo  in  the  reft. 

This  done  >  if  we  draw  Right  Lines  through 
tch  of  thefe  Points,  c rolling  the  Equator  at 
light  Angles,  they  jfhall  be  the  Hour* lines 
quired  :  And  if  we  fet  a  Style  over  the 
[our  of  6 ,  fo  as  the  edge  of  it  may  be  pa¬ 
llid  to  the  Plane ,  and  the  height  of  it  may 
t  equal  to  the  diftance  between  the  Hours 
6  and  ^  in  the  Equator ,  it  fhall  repre- 
ut  the  Axis  of  the  World  ,  and  be  truly 
aced  for  the  calling  of  the  Shadow  upon 

6  Hour- lines  in  a  Meridian  Plane. 
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CHAP.  IV. 

To  draw  the  Hour-  lines  in  an  Horizontal  Tlane. 

v  \ 

A  N  Horizontal  Plane  is  that  which  is  parallel  to  the  Horizon,  repre- 
^V.  fenced  in  the  Fundamental  Diagram  by  the  outward  Circle 
SWN,  in  which  the  Diameter  SN  drawn  from  the  South  to  the 
forth,  may  go  both  for  the  Meridian  Line  and  the  Meridian  Circle,  Z 
*che£enLh,  Pfor  the  Pole ©f  the  World,  and  the  Circles  drawn 
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The  Deftript'm  of  the  Hour  Mm 

through  P  for  the  Hour-circles  of  i,  2,  3, 4,  eke, 
as  they  are  numbred  from  the  Meridian. 

Thefe  are  equal  at  the  Pule,  and  ac  the  Equa¬ 
tor,  but  unequally  diftant  at  the  Horizon;  die 
diftancc  between  the  Meridian  and  the  firft  Hour 
being  not  full  12  gr.  the  diftance  between  the 
fifeh  and  fixth  Hour  about  l  %  gr.  which  inequa¬ 
lity  being  obferved,  if  you  fuppofc  Right  Lines 
drawn  from  the  Center  C  to  the  Interfe6f  ions  of 
thefe  Hour*  circles  with  the  Horizon,  the  Line  fo 
drawn  (hall  be  the  Hour-lines  here  inquired. 
And  then,  if  you  can,  imagine  a  Line  drawn 
from  the  Center  C,  toward  P  the  Pole  of  the 
World ,  and  railed  above  the  Meridian  Line 
C  N,  foas  the  Angle  P  C  N  may  be  equal  to  the 
Latitude  of  the  Place,  this  Right  Line  C  P  (hall 
be  the  Axis  of  the  Style.  And  fo  you  have  both 
Style  and  Hour-lines  ready  drawn  to  your  hand. 
But  more  particularly  to  our  purpofe. 

Thefe  Hour- circks  confidered,  with  the  Meri¬ 
dian  and  the  Horizon,  do  make  divers  Triangles, 
PN  j,P  N-2,PN  3,  in  which  we  have  known, 
firft,  the  Right  Angle  atN,  the  North  Interfc- 
$ion  of  the  Meridian  and  the  Horizon ;  fecond- 
ly,  the  Side  P  N,  the  Ark  of  the  Meridian  be- 
tween  the  Pole  and  the  Horizon>  which  is  alwaft 
equal  to  the  Latitude  of  the  Place ;  thirdly,  th< 
Angles  at  the  Pole,  made  by  the  Meridian  and 
the  Hour-circles,  the  Angle  N  P  1  being  1 5  gr{ 
N  P  2  Sogr .  each  Hour  1  jgr.  more  than  other 


each  half  Hour  7^.30  iw.each  quarter  3£M$  w.  as  111  the  fecond  Columi 
of  this  Table.  And  thefe  three  being  known,  we  may  find  the  Arcs  0 
the  Horizon  between  the  Meridian  and  the  Hour-circles  N  I,  N  2,  N  3 
&c.  For, 


ids  the  Sineof  go  gr. 

is  to  the  Sine  of  the  Latitude  z 
So  the  Tangent  of  the  Houry 

to  the  Tangent  of  the  Hour-line  from  the  Meridian . 


Exccn< 


The  Defcriptm  of  the  Hour-lines  iy 

Extend  the  Compares  from  the  Sine  of  90 gr  to  the  Sine  of  the  Lati- 
lde;  fo  the  fame  Extent  fhall  reach  from  the  Tangent  of  the  Hour,  to 


ie  Tangent  of  the  Hour-1  ne  from  the  Meridian.  Thus  the  Latitude  be- 
jig  Ji  gr.  301*.  I  extend  the  Compares  from  the  Sine  of  90  gr.  to  the 
;ne  of  gr.  30  m.  and  find  the  fame  extent  to  reach  from  the  Tangent 
f  Igr.  45  m-  unto  the  Tangent  of  2 gr.  56  m.  for  the  diftance  of  the  . 
rft  quarter  from  the  Meridian  3  and  from  the  Tangent  of  7  gr.  30  m. 
nto  the  Tangent  of  5  gr,  52  m.  for  the  half  Hour  ;  and  from  the  Tan- 
:nt  of  1 1  gr *  1 5  m.  to  the  Tangent  of  %gr*  3 1  m.  for  the  third  quarter ; 
id  from  the  Tangent  of  ij^r.ow.  Unto  11  gr.  50  m.  for  the  firft 
our:  And  fo  of  the  reft,  as  in  the  third  Column  of  this  Table,  under 
[e  Title  of  the  ArJy  of  the  Plane, 

C  c  c  Only 


*S  in  an  Horizontal  Plane. 


Only  when  I  come  to  fet  one  Foot  of  the  Compares  to  4%  gr.  45  » 
for  the  finding  of  a  quarter  paft  3,  the  other  Foot  will  fall  out  of  th< 
tine,  and  then  I  may  either  take  out  fo  much  as  is  out  of  the  Line  beyont 
45  gr.  and  turn  it  back  into  the  Line,  and  it  will  reach  from  4  J  gr .  t< 
Aigr.  45  m.  or  I  may  ufc  crofs  work,  extending  the  Compafles  fron 
the  Sine  of  90  gr.  to  the  Tangent  of  4%gr.  45  m.  fo  the  fame  extent  wil 
reach  from  the  Sine  of  $  I  gr .  30 m.  to  the  Tangent  of  41  gr.  4  5  m.  Am 
fuch  is  the  diftance  of  the  Line  of  3  Hours  %  from  the  Meridian. 

This  done,  I  come  to  the  Plane,  and  there  according  as  the  Lines  d 

fajl  in  the  Fundamental  Diagram, 

1,  I  draw  the  Right  Line  S  N,  fervwg  for  the  Meridian,  the  Hoi 

of  xa,  and  the  Subftylar. 


in  a  Vert'ml  Plane*  19 

2.  In  this  Meridian  I  make  choice  of  a  Center  at  C,  and  there  de- 
fcribe  an  occuItCircle  reprefenting  the  Horizon. 

3.  I  find  a  Chord  of  II  gr.  50  m.  and  infcribe  it  into  this  Circle  on 
either  fide  of  the  Meridian,  for  the  Hours  of  Hand  1  ;  in  like  manner, 
aChprd  of  24 gr.  20  m.  for  the  Hours  of  10  and  2  ;  and  a  Chord  of 

I  58  gr.  for  the  Hours  of  5*  and  $ :  And  fo  for  the  reft  of  the  Hours, 
their  Halves,  and  Quarters.  -  ' 

4.  I  draw  Right  Lines  through  the  Center,  and  the  Terms  of  thefe 
Chords,  and  thefe  Lines  fo  drawn  are  the  Hour-lines  required. 

The  Line  belonging  to  the  Hour  of  6  will  be  perpendicular  to  the  Me¬ 
ridian,  and  the  Hour-lines  before  6  in  the  Morning,  or  after  6  in  the 
Evening,  may  be  fupplied  by  continuing  their  oppofite  Hour-lines  beyond 
the  Center  5  as  the  Hour-line  of  7  in  the  Morning  continued,  will  be  the 
j;  Hour-line  of  7  in  the  Evening :  And  fo  the  reft. 

Laftly,  I  fet  up  the  Style  over  the  Meridian,  fo  as  it  may  cut  the  Plane 
indie  Center,  and  there  make  an  Angle  with  the  Meridian  equal  to  the 
!  Latitude  of  the  Place  ^£0  it  fhall  reprefen t  the  Axis  of  the  World,  and 
be  truly  placed  for  cafting  of  the  Shadow  upon  the  Hour- lines  in  an  Hori- 
j  zontal  Plane. 


l 

' 

\  l  ; 

;  '  , 

V  £  j  ' 

CHAP.  V. 


To  dr  aw  the  Hqht -lines  in  a  V rrtteal  TUne. 


A  Vertical  Plane  is  that  which  is  parallel  to  the  Prime  Vertical 
Circle  in  the  Fundamental  Diagram,  reprefented  by  E  Z  W.  Ic 
|  hath  two  Faces,  the  one  to  the  North,  the  other  to  the  South;  in  each  of 
them  theSubftylar  will  be  the  fame  with  the  MeridianLine,and  the  Angle 
ef  the  Style  above  the  Plane  will  be  equal  to  Z  P,the  Complement  of  the 
Latitude;  and  the  Hour-lines  here  inquired  may  be  fupplied  by  imagi¬ 
ning  Right  Lines  drawn  from  the  Center  C  to  the  Interfe&ions  of  the 
Hour-circles  E  Z  W. 

The  Triangles  here  considered  are  made  by  the  Vertical,  the  Meri¬ 
dian  ,  and  the  Hour-circles,  in  which  we  know  the  Side  Z  P,  the 

C  c  c  2  Angles 


20 


The  Defer iptiw  of  the  Hour- ih. 


V  i,  J 


Angles  at  the  Pole,  and  the  right  Angle  at  the  Zenith,  and  therefoi 
mzy  find  the  Arks  of  the  Vertical  betw  een  the  Meiidian  and  d 
Hour-circles,  after  this^manner.. 


^4s  the  Sine  of  90  gr. 

is  to  the  Co-fine  of  the  Latitude :  * 

So  the  Tangent  of1  the  Hour, 

to  the  Tangent  of  the  Hoar-line  from  the  iJMt  ridlm. 

Extend  the  Compafles  from  the  Sine  of  90  gr,  to  the  Sine  of  d 

Complement  of  the  Latitude,  fo  the  fame,  extent  fhall  reach  from  tl 

Tangent  of  the  Hour,,  to  the  Tangent  of  the  Hour-line  from  ,  the  Mer 

chan*  Thi 

* 


in  a  Vertical  inclining  Plane.  z  I 


Tims  io  the  Latitude  of  5 1  gr.  3°  *»•  I  ex¬ 
tend  the  Com paffes  from  the  Sine  <1  9°^.  to 
die  Sine  of  :8^r.  30  and  find  the  fame  ex¬ 
tent  to  rsadi  from  the  Tangent  of  15  gr.  to 
the  Tangent  of  9  gr.  28  m.  for  the  diitance  of 
tlve  fiifl  Hour  from  the  Meridian  j  and  from 
die  Tangent  of  j%gr.  unto  the  Tangent  of  66 
gr,  4  im.  for  the  fifth  Hour  .*  and  to  in  the  reft, 
as  in  this  Table. 

Thefe  Arks  being  known,  I  may  come  to  the 
Plane  ,  and  then  by  help  of  a  Thread  and 
Plummet  draw  a  Vertical  tine,  {erring  both  for 
the  M.ridian  and  the  Hour  of  12,  and  the  Sub- 
ftylar  ;  then  may  I  draw  an  occult  Vertical 
Circle,  and  therein  inferibe  the  Chords  of  thofc 
former  Arks,  and  draw  the  Hourriines,  and  fee 
jup  the  Style,  as  before  in  the  Horizontal  Plane. 

If  it  be  the  South  Face  of  the  Plane,  the  Cen¬ 
ter  will  be  upward,  and  the  Style  will  point 
downward  :  If  the  North  Face ,  the  Center 
muff  be  in  the  lower  part  of  the  Meridian  Line, 
jand  the  Style  point  upward  in  all  fuch  Places  as 
are  to  the  Northward  of  the  Equino&ial  Line, 
as  it  may  appear  by  confidering  how  the  Lines 
do  fall  in  the  Fundamental  Diagram, 
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CHAP.  VI. 

i  '  V  ' 

To  draw  the  Mew-lines  in  a  V ertkal  Inclining  Plane. 


\  . 

ALl  thofe  Planes  that  have  their  Horizontal  Line  lying  Eaft  and 
Weft,  are  in  that  refpedt  faidto  be  Vertical;  if  they  be  aifo  up¬ 
right  and  pafs  through  the  Zenith,  they  are  direft  Verticals  ;  if  they 
incline  to  the  Pole,  they  are  direft  Polars ;  if  to  the  Eqtuaoftial,  they 


/ 


zz  The  Description  of  the  Hour-lines 

are  properly  called  Equino&ial  Planes,  and  ate  defcribed  before :  if  t 
none  of  thefe  three  Points ,  they  are  then  called  by  the  general  name  c 
Inclining  Verticals. 

Thefe  may  incline  either  to  the  North  parts  of  the  Horizon,  or  to  tl 
South  ,  and  each  of  them  hath  two  Faces,  one  to  the  Zenith,  thcothf 
to  the  Nadir,  in  which  we  are  fir  ft  to  confider  the  height  of  the  Po! 
above  the  Plane,  by  comparing  the  Inclination  of  the  Plane  to  theHor 

zon  with  the  Latitude  of  the  Place. 

As  in  our  Latitude  of  $i  gr.  30  m.  if  the  declination  of  thcPlar 
El  W  in  the  Fundamental  Diagram  fhall  be  13  gr.  Northward,  that! 
if  I N,  the  Ark  of  the  Meridian  between  the  Plane  and  the  North  pa 
of  the  Horizon,  fhall  be  13  gr*  we  may  take  thefe  1 3gr*  outofP  N 
50  m.  the  Elevation  of  the  Pole  above  the  Horizon,  and  there  will  rema 
p  I  3%  gr.^om.  for  the  Elevation  of  the  North  Pole  above  the  upper  Fa 
of  the  Plane,  and  therefore  3  8  gr.  3  0  «•  the  height  of  *c  South  Pc 
above  the  lower  Face  of  the  Plane. 

Or  if  thelnclination  of  the  Plane  fhall  be  found  to  be  6zgr .  to'tl 
Southward,  we  may  number  them  in  the  Meridian  from  S  the  South  ps 
of  the  Horizon  unto  L,  and  there  draw  the  Ark  E  L  W  reprefencing  tl 
Plane ;  fo  the  Ark  of  the  Meridian  P  L  fhall  give  the  height  of  the  Nor 
Pole  above  the  upper  Face  of  this  Plane  to  be  66  gr.  30  m.  and  therffc 
the  height  of  the  South  Pole  above  the  lower  Face  of  the  Plane  is  al 

66  gr.  30  m.  -  /  I 

In  like  manner,  if  the  Inclination  of  the  Plane  EYW  fhall  be  j 
Southward,  that  is,  if  S  Y  the  Ark  of  the  Meridian  between  the  Sou 
part  of  the  Horizon  and  the  Plane  fhall  be  1 5  gr.  the  height  of  the  Nor 
Pole  above  the  upper  Face  of  the  Plane,  and  the  height  of  the  South  P< 
above  the  lower  Face  of  the  Plane,  will  be  alfo  found  to  be  66 gr.  30  m 
But  if  the  Plane  fhall  fall  between  the  Zenith  and  the  North  Po 
then  will  the  North  Pole  be  elevated  above  the  lower  Face,  and  the  Sot 
Pole  above  the  upward  Face  of  the  Plane,  as  may  appear  by  thePioje^ 
on  of  the  Sphere  in  the  Fundamental  Diagram. 

Then  in  the  Triangles  made  by  the  Plane,  the  Meridian ,  and  t 
Hour-circles,  we  have  the  fide  which  is  the  height  of  the  Pole  ab< 
the  Plane,  together  with  the  Angles  at  the  Pole,  and  the  Right  A 
g!e  at  the  Interfe&ion  of  the  Meridian  with  the  Plane,  by  which 
may  find  the  Arks  of  the  Plane  between  the  Meridian  and  the  Hoi 
circles,  after  this  manner. 


e 


in  a  Vertical  Inclining  Vlane*  2,3 

As  the  Sine  of  9©  gr. 

Is  to  the  Sine  of  the  Pole  above  the  Plane : 

So  the  T angent  of  the  Hour, 

To  the  Tangent  of  the  Hour -line  from  the  c Meridian . 

Thus  in  the  former  Example,  where  P  I  the  height  of  the  Pole 
ove  the  Plane  was  found  to  be  58  gr .  3°  m*  tS  you  (hall  extend 
e  Compaffes  from  the  Sine  of  90  gr.  to  the  Sine  of  38  gr.  30  m. 
e  fame  extent  will  reach  from  the  Tangent  of  15  gr.  unto  the 
ingent  of  $gr.  28  m.  for  the  diftance  of  the  firft  Hour  from  the 
eridian,  and  from  30  gr.  unto  19 gr.  46  m.  for  the  fecond  Hour,  and 
forward,  as  in  the  dire&  Vertical. 

And  for  the  two  laft  Examples,  you  may  extend  the  Compaffes  from 
e  Sine  of  90  ^r.unto  the  Sine  of  66  gr.  30  m.  fo  the  fame  extent  (hall 
ach  in  the  Line  of  Tangents  from  1 5  J***  uru°  1 3  ^r^- 

our,  from  75 gr.  unto  T3gr.  43  m.  for  the  fifth  Hour,  from  30 gr* 
no  ijgr.  J4 m.  for  the  fecond  Hour,  from  60 gr.  unto  5 7  gr.  48  m. 
rthe  fourth  Hour,  and  from  4S  ir%  unt0  4 £°r  the  third 
our  from  the  Meridian. 

Thefe  Arks  being  known,  you  may  firft  draw  the  Horizontal  Line, 
id  crofs  it  in  the  middle  with  a  Perpendicular,  that  may  ferve  both 
r  the  Meridian  and  the  Hour  of  1 2,  and  the  Subftylar ;  then  know- 
g  which  Pole  is  elevated  above  che  Plane ,  you  may  accordingly 
.akeehoiceof  a  fit  Point  in  the  Meridian  for  the  Center  of  yourHour- 
aes,  and  thence  deferibe  an  occulc  Ark  of  a  Circle,  inferibe  the  Chords 
:  thofe  former  Arks,  and  draw  the  Hour- lines,  and  fet  up  the  Style,  as 
fhewed  before  in  the  Horizontal  Plane. 
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The  De [crip  tkn  of  the  Hour*  lines 
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CHAP.  VII. 

T d  Hoftr~lines  in  a  V trtfed  Declining  Pune. 

*■ 

A  ll  upright  Planes  whereon  a  man  may  draw  a  Vertical  Line,  arc  in 
AY  this  refpedl  Laid  to  be  Vercicab;  if  they  fhall  alfo  (land  diredtly  Eaff 
and  Weft,  they  are  dire&ly  Verticals,;  if  dire&Iy  North  and  South, 
they  are  properly  called  Meridian  Planes,  and  are  defenbed  before:  if 
they  behold  none  of  thefe  four  principal  Parts  of  the  World,  but  fRall 
(land  between  the  prime  Vertical  and  the  Meridian  ,  they  are  then  called 
by  the  general  name  of  Declining  V erticals. 

Thefe  have  two  Faces,  one  to  the  South,  the  other  to  the  Northward, 
which  may  be  diftinguifhed  in  thefe  Northern  parts  of  the  World  after 
this  manner.  If  the  Sun  coming  to  the  Meridian  fhall  ftiine  upon  the 
Plane,  it  is  the  South  Face;  if  not,  it  is  the  North  Face  of  that  Plane. 
Again,  If  the  Sun  fhall  fhinc  upon  the  Plane  at  High-noon,  and  yet 
longer  in  the  Forenoonthan  in  the  Afternoon,  it  is  the  South- eaft  Face; 
if  longer  in  the  Afternoon  than  in  the  Forenoon,  it  is  the  South-weft 
Face  of  the  Plane.  But  how  much  the  Declination  cometh  to,  is  belt 

found  as  before,  - 

When  the  Declination  is  found,  there  be  four  things  more  to  be  conn- 
dered,  before  we  can  come  to  the  drawing  of  the  Hour-lines. 

I,  The  Meridian  of  the  Plane,  and  his  Inclination  to  the  Meridian  6i 

the  Place. 

3,  The  Height  of  the  Pole  above  the  Plane. 

3.  The  Diftance  of  the  Subftylar  from  the  Meridian  Line. 

4.  The  Diftance  of  each  Hour-line  from  the  Subftylar. 

And  thefe  four  may  all  be  reprefented  in  the  Fundamental  Diagram 

as  in  this  Example.  r 

Suppofe  that  in  our  Latitude  of  $  1  gr •  30  m.  Northward,  the  Declina1 

tion  of-  an  upright  Plane  ftiould  be  found  to  be  24  £r.  20  m. 

In  the  Triangle  P  R  Z  we  know  the  Angle  at  R  to  be  a  Right  Angle 
and  the  Angle  at  Z,  for  it  is  the  Complement  of  the  Declination ;  anc 
the  Bafc  P  Z,  for  it  is  the  Complement  of  the  Latitude.  And  thefe thre 
being  known,  we  may  find  the  other  Angle  R  P  Z,  which  is  the  ng 
of  Inclination  between  both  Meridians. 


As  tie  Sine  of  tie  Latitude, 

Is  to  tie  Sine  of  90  gr. 

So  tie  Tangent  of  tie  Declination 

to  tie  Tangent  of  Inclination  of  Meridians . 


Thus  in  our  former  Example  I  extend  the  Compares  from  the  Sine  of 
iLatitude  Jt  gr.  30 m.  unto  theSine  of  90 gr.  the  fame  extent  will 
■  ,n  the  I'ine  of  Tangents  from  24  gr.  20  m.  the  Declination  given,  to 
p“j?°  .S’*  and  fuch  is  Z  P  R,  'the  Angle  of  Inclination  between  the 
.ndian  of  the  Place  and  the  Meridian  of  the  Plane:  and  thercrefore 

Ddd  the 


the  Meridian  of  the  Plane  will  here  fall  upon  the  Circle  of  the  fecond 
Hour  from  the  Meridian  of  the  Place  (as  it  may  alfo  appear  by  opening 
the  Compares  to  the  neareft  extenrbetween  the  Pole  and  Plane}  and  there 
I  place  the  Letter  R  to  make  this  Redangle  P  RZ* 

2*  To  find  the  Height  of  the  Pole  above  the  Plane. 

The  Height  of  the  Pole  is  to  be  meafared  in 
it  is  here  reprefented  by  the  Ark  PR,  and  may  be  found  by  that  which 
we  have  known  in  the  former  Triangle  P  R  Z, 

As  the  Sine  of  9°  g*v 

tj  the  C  O' fine  of  the  Latitude  l 
So  the  Co-fine  of  the  Declinationy 

to  the  Sine  of  the  Height  of  the  Pole  above  the  Plane . 

Extend  the  Compares  from  the  Sine  of  96  gr.  unto  the  Sine  of  iS  gr 
30  m.  the  Complement  of  the  Latitude,  and  the  fame  extent  will  read 
from  the  Sine  of  6$gr.  40  m,  the  Complement  of  the  Declination,  unt 
the  Sine  of  34  gr.  33  m. 

Or  if  you  pleafe  co  make  ufe  of  the  Angle  of  the  Inclination  of  th 
two  Meridians,  the  proportion  will  hold, 

As  the  Sine  of  90  gr. 

to  the  Co- fine  of  the  Inclination  of  tMeridiant: 

So  the  Tangent  if  the  Latitude , 

to  the  Tangent  of  the  Height  of  the  Pole  above  the  Plane* 

>T  *  -  '* 

And  then  you  may  extend  the  Compares  from  the  Sine  of  ^o^r.um 
the  Sine  of  60  gr:  the  Complement  of  the  Inclination  of  the  Meridiar 
and  the  fame  extent  will  reach  from  the  Tangent  of  $%gr*3®  m.  tl 
Complement  ©f  the  Latitude,  unto  the  Tangent  of  3^gr.  33  m.  and  fu< 
is  the  Ark  P  R  the  Height  of  the  Pole  above  the  Plane. 

3.  To  find  the  Difiance  of  the  Subfiylar  from  the  Meridian . 

This  is  here  reprefented  by  the  Ark  Z  R,  and  may  be  found  by  th 
which  we  have  known  in  the  former  Triangle  P  R  Z  . 


m  a 
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At  the  She  of  90  gr. 

to  the  Sine  of  the  ‘DecliaMtion  :  ‘ 

So  the  tangent  of  the  Latitude) 

to  the  Tangent  of  the  Sub  fly  Ur  from  the  ^Meridian, 

* 

. '  -  •  *  *  y  v  T 

Extend  the  Corapaffes  from  the  Sine  of  90 gr,  unto  the  Sine  of  24  gr, 
20  m.  the  Declination  given,  and  the  fame  extent  will  reach  from  the 
[Tangent  of  $gr.  30  wuthe  Complement  of  rhc  Latitude,  unto  the  Tan¬ 
gent  of  1  Sgr.  %m.  and  fuch  is  the  Ark  Z  R,  the  Diftance  of  the  Subfty- 
Iar  from  the  Meridian. 

4.  To  find  the  Tti fiance  of  each  Hour  line  from  the  Sub  fly  Ur, 

The  Diftaaces  of  the  Hour-lines  from  the  Subftylar  are  here  reprefent- 
,ed  by  thole  Arks  of  the  Declining  Vertical  belonging  to  the  Plane,  which 
Lre  intercepted  between  the  proper  Meridian  of  the  Plane  and  the  Hour- 
circles.  • 

!  To  this  purpofe  we  have  divers  Triangles  made  by  the  Declining 
plane,  together  with  his  proper  Meridian  and  the  Hour  circles,  In  thefe 
we  have  known,  firft  the  Right  Angle  at  the  Xnterfe&ion  of  the  proper 
Meridian  with  the  Plane  5  then  the  Side  which  is  the  Height  of  the 
Pole  above  the  Plane  5  and  thirdly,  the  Angles  at  the  Pole.  For  know¬ 
ing  the  Angle  of  Inclination  between  the  Meridian  of  the  Plane  and  the 
Meridian  of  the  Place,  which  is  always  the  Hour  of  1 2,  we  may  find 
fhe  Angle  between  the  Meridian  of  the  Plane  and  the  Hour  of  I,  by 
sallowing  in  1  Sgr,  and  the  Angle  between  the  Meridian  of  the  Plane  and 
heHour  of  2,  by  allowing  in  30 gr.  andfo  for  the  reft:  which  being 
[known,  and  fet  down  in  a  Table,  we  may  find  the  Arks  of  the  Plane 

rom  the  Subftylar  to  the  Hour-circles,  in  this  manner* 

•  •  * 

As  the  Sine  of  90  gr.  *  /  - 

to  the  Sine  of  the  Height  of  the  Pole  above  the  Plane : 

So  the  T dngent  of  the  Hour  from  the  p roper  Meridian , 
to  the  Tangent  of  the  Hwr-line  from  the  Subftylar, 

Thus  in  our  Latitude  of  $igr,  30  iw,  if  the  Declination  of  an  uprigh  t 
Plane  fhall  be  found  to  be  24 gr.  20  m.  from  the  prime  Vertical,  the  one 
Face  open  to  the  South-weft,  the  other  to  the  North-eaft,  I  may  number 

Ddd  2  thefe 


if  The  7)efcrijthH  of  the  Hour* lines 

thcfc  iqgrVlO  m*  in  the  Horizon  of  the  Fundamental  Diagram  from  E 
unto  B,  according  to  the  fituation  of  the  Plane,  and  there  draw  the  Ver¬ 
tical  6ZD9  which  (hall  reprefent  the  Plane  propofed. 

The  two  Poles  of  this  Plane  will  fall  in  the  Horizon  at  HandQ^  and 
therefore  the  proper  Meridian  drawn  through  the  Poles  of  the  Plane  and 
the  Pole  of  the  World  muft  be  the  Circle  H  P  which  here  croffcth 
the  Plane  at  Right  Angles  in  the  Point  of  R,  and  mdineth  to  PZ  S  the 
Meridian  of  the  Place,  according  to  the  Angle  R  PZ. 

The  quantity  of  this  Inclination  may  be  readily  found  by  the  Hour- 
circle  where  the  proper  Meridian  Falleth.  As  here  it  falleth  on  the  fecond 
Hour-circle,,  and  fa  the  Inclination  is 

The  height  of  the  Pole  above  the  Plane,  ,  which  giveth  the  height  ©f  the 
Style  above  the  Subftylar,  is  here  reprefented  by  the  Ark  P  R.  For  as  in 
the  Horizontal,  fo  in  this  and  all  other  Planes,  the  Line  CPthc  Axis  of 
the  World  is  always  the  Axis  of  the  Style,  and  the  neareft  Line  that  can 
be  drawn  upon  the  Plane  to  the  Axis  of  the  World  is  the  ficteft  for  the 
Subftylar,  and  that  is  the  Line  OR:  fo  the  Angle  PCR  i|  the  Angle 
between  the  Axis  and  the  Plane,  commonly  called  the  Height  of  the 
Style,  and  the  meafure  of  this  Angle  is  the  Ark  P  R.  This  Ark  is  always 
lefs  than  the  Complement  of  the  Latitude,  and  may  be  eftimated  by 
caking  the  difiance  P  R  with  the  Compafles,  and  meafuring  it  in  the  Me¬ 
ridian  from  P  toward  Z.  So  in  this  Example  it  will  appear  to  be.  about 

The  diftance  of  the  Subftylar  from  the  Meridian  is  here  reprefented 
by  the  Ark  Z  R  :  For  the  Meridian  Line  upon  the  Plane  is  C  Z,  .the  Sub- 
flylar  Line  is  C  R  5  fo  the  Angle  contained  between  them  is  Z  C  R,  and 
the  meafure  of  this  Angle  is  the  Ark  Z  R,  which  taken  with  the  Com- 
paffes,  and  meafuted  in  the  Semidiameter  C  W,  from  C  toward  W,  will 

be  found  #bont  ««£,.  .  ..  ,•  , 

Thediuances  of  each  Hour*  line  from  the  Subftylar  are  here  reprefented 

by  the  Arks  "of  the  Plane  between  the  Point  R  and  the  Interfettions  of 
the  Hour-circles:  For  the  Subftylar  Line  ls.CR,  and  the  Hour' circle  ol 
1  crofting  the  Plane  in  the  Point  O,  the  Hour-line  of  1  upon  the  Plane 
muft  be  COj  fo  the  Angle  between  the  Subftylar  and  the  Hour-line  ol 
a  is  RCO,  and  the  meafure  of  this -Angle  is  the  Ark  RO.  In  like 
manner,  the  Hour-line  of  12  will  be  C  Z,  and  the  diftance  from  the 
Subftylar  R  Z :  the  Hour-line  of  '11  will  be  C  X,  and  the  diftance  from 
she  Subftylar  R  X  :  and  fo  the  reft.  Thefe  diftances  R  O,  R  Z,  R  Xj'&c, 

mav  alfo  be  taken  with  the  Compares,  and  meafured  as  before. 

1  '  *  Befides 


I 

I 


I  iM  a  Vertical  Declining  fPhne*  .  %& 

Befides  thefe  four  Reprefentations,  the  Diagram  will  fhew  what  Pole 
is  elevated  above  the  Plane,  and  what  time  the  Sun  fliineth  upon  the 
Plane.  If  it  be  the  Norch-eaft  Face  of  this  Plane,  you  may  think  P  to 
be  the  North  Pole,  and  the  Hour-eircles  to  be  drawn  on  a  Convex  He- 
imifphere ;  fo  C  R  the  Subftylar,  and  CP  the  Axis  of  the  Style,  will 
i  will  both  point  upward  and  having  drawn  the  Tropick  of  S,  you  (hall 
find  by  the  meeting  of  the  Plane  with  the  Tropick,  and  the  Hour- circles* 
j  that  the  Sun  at  the  higheft  may  fhine  upon  the  Plane  from  the  time  of  the: 
rifing  until  it  be  paft  p:  in  the  morning,  and  from  7  in  the  evening  unto 
the  time  of  his  feccing.  But  if  it  be  the  South-weft  Face  of  the  Plane, 
then  you  may  either  fuppofe  the  Subftylar  and  the  Axis  to  be  continued 
dolivn  below  the  Center,  like  unto  the  Hours  before  and  afcer  6  in  an  Ho¬ 
rizontal  Plane •  orclfe  you  may  turn  the  Diagram,  and  think  P  to  be  the 
South  Pole,  and  the  Hour-circles  to  be  drawn  in  an  Horizontal  Concave, 
fo  CR  the  Subftylar,  C  P  the  Axis  of  the  Style,  will  both  point  down- 
ward,  and  fo  alfo  the  Hour-lines  from  8  in  the  morning  until  after  7  in 
the  evening,  as  it  doth  appear  by  the  meeting  of  the  Plane  with  the  Ho- 
rizon,  and  the  Hour-circles. 

Thus  with  the  drawing  of  one  Line  in  the  Diagram*  to  reprefenc  the 
Plane  according  to  his  declination*  you  may  have  the  Hour- lines  fitted  to 
j  any  Declining  Vertical,  with  the  Style  and  Subftylar  in  their  due  place, 
which  may  fuffice  to  free  you  from  grofserrour  ;  but  for  more  exaftnefs^ 
we  confider  three  Triangles. 

I.  To  find  the  Inclination  of  Meridians* 

The  Meridian  of  the  Place  is  a  Circle  pafiing  through  the  Poles  of  the 
World,  the  Zenidi  and  the  Nadir.  The,  proper  Meridian  of  the  Plane 
is  a  Circle  paffing  through  the  Poles  oPthe  World  and  the  Poles  of  the 
Plane.  The  Circle  of  the  Plane  and  thefe  two  Meridians  do  make  a  Tri° 
angle,  fuch  as  P  R  Z,  wherein  we  know  the  Angle  at  R. 

I  confider  theAhgle  of  Inclination  of  the  Meridian  RPZ».  and  there 
fee  hew  that  P  Z,  the  Meridian  of  the.  Place*  which  is  the  Hour  of  22, 
being  30  grt  dsftant  from  P  R  the  Meridian  of.  the  Plane,  and  that  one 
|  Face  of  the  Plane  being  open  to  the  South- weft ,  and  the  other  to  the 
North-eaft,  this  Meridian  of  the  Plane  falleth  to  be  the  fame  with  the 
Hour  of  2,  (otherwife  with  the  Hour  of  10  :)  therefore  allowing  1  j  grA 
| for  an  Hour,  the  Hour  of  1  RPO.wili.be  I  5  gr,  and  RP  X  the  Hour 
!of  11  will  be  45  gr,  diftant  from  P  R  the  proper  Meridian  of  the  Plane  s 

'  "  And  ; 
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7" ^  Defcription  of  the  Hour -  lines 

And  fo  I  gather  the  Inclination  of  the 
reft  of  the  Hour-circles  towards  this  Me¬ 
ridian  y  according  to  their  Angles  at  the 
Pole,  as  in  the  fecond  Column  of  this 
Table. 

Then  taking  my  Compares  in  my  hand, 
I  extend  them  from  the  Sine  of  go  gr .  unto 
the  Sine  of  34  gr.  33  m.  the  height  of  the 
Pole  above  the  Plane ,  and  find  them  to 
reach  in  the  Line  of  Tangents  from  i$gr. 
the  Inclination  of  the  Hour  of  i,  to  8^r. 
3$  m.  for  the  Ark  of  1  from  the  Subftylar, 
and  from  30  gr.  unto  18  gr.  8  m.  for  the 
Hour  of  1 2,  agreeable  t©  the  third  Prop, 
and  from  45  gr.  unto  2 9  gr,  33  m.  for  the 
Hour  of  11,  and  fothe  reft,  which  I  alfo 
fet  down  in  the  third  Column  of  the  Ta* 
ble.  ^ 

Thefe  Arks  being  thus  found,  will  ferve 
for  the  drawing  ^>f  the  Hour-lines  both  on 
the  South-weft  Face  and  the  Nor th-eaft  Face 
of  this  Plane,  and  alfo  on  either  Face  of  the 


like  Plane  that  hath  the  fame  Declination,  and  the  Poles  in  the  South*  eaft 


and  North-weft. 

r.  By  the  help  of  a  Thred  and  Plummet  I  draw  a  Vertical  Linei 
ferving  both  for  the  Meridian  of  the  Place,  and  the  Hour  of  1 2. 

2#  In  this  Meridian  Line  I  make  choice  of  a  Center  at  C,  in  the  uppei 
part  of  the  Line  if  it  be  the  South  Face,  als  here  we  fuppofe  it,  that  the 
Style  may  have  room  to  point  downward  :  but  in  the  lower  part  of  the 
Line  if  it  be  the  North  Face  of  the  Plane,  for  there  the  Style  muft  poim 
upward :  and  upon  this  Center  I  deferibe  an  occult  Circle, reprefencing  th< 
Declining  Vertical  belonging  to  the  Plane. 

3.  I  find  a  Chord  of  18  gr.  8  m.  the  diftance  of  the  Subftylar  froir 
the  Meridian  of  the  Place,  and  inferibe  it  into  this  Circle,  from  the  Me 
ridian  unto  A  toward  the  right  hand,  becaufe  in  this  Example  the  Meri¬ 
dian  of  the  Plane  falls  among  the  Hours  after  Noon,  {for  otherwife  ii 
muft  have  been  inferibed  toward  the  left  hand)  and  there  I  draw  thi 
Line  C  A  ferving  for  the  Subftylar. 

4.  According  to  the  Table  of  the  Arks  of  the  Plane;  from  the  Subfty 

lar 


m  a 


Vented  Declining  Plane* 


lar,  I  find  a  Chord  of  38  and  inferibe  ic  into  this  Circle,  from 
the  Sabftylar  toward  the  Meridian  for  the  Hour  of  j.  In,  like  manner 
a  Chord  of  19  gr.  23  for  the  Hour  of  n,  and  a  Chord  of  44,  gr. 
13©  m\  for  the  Hour  of  10 ;  and  fo  for  the  reft  of  the  Hours,  their  Halfs* 
and  Quarters. 


\ 


f.  I  draw  Right  Lines*  through  the  Center  and  the  Terms  of  thefe 
jChords,  and  thefe  Lines  fo  drawn  are  the  Hour-lines  required. 

Laftly,  I  letup  the  Style  over  the  Subftylar,  fo  as  it  may  cut  the  Plane 
in  the  Center,  and  there  make  an  Angle  with  the  Subftylar  of  34\?r* 
,33  according  to  the  height  of  the  Pole  above  the  Plane  •  fo  it  lhall 

reprefen  t 


/  «*  ^ , 

j  &  the  Defer iftion  of  the  Hour* lines 

reprefent  the  Axis  of  the  World,  and  be  truly  placed  for  cafting  of  the 
Shadow  upon  the  Hour-lines  in  this  Declining  Plane, 


A  fee  on  A  Example* 


Suppofe  another  upright  Plane  in  the  fame  Latitude  to  decline  from 
the  Verticals %gr.  44  m.  with  one  Face  open  to  the  South- eaft,  the  other 
to  the  North-weft.  Thefe  6  5  ^  40  m.  would  be  numbred  from  E  unto 
and  from  W  unto  H,  and  the  Plane  reprefented  by  Q1  H :  For  (0 
the  one  Pole  will  fall  at  B  in  the  South- eaft)  and  the  other  at  D  in  the 
North- weft,  according  to  the  fuppofition.  The  proper  Meridian  of  this 

he  Circle 


Plane  may  be  fupplied  by  the  Circle  B  P  D,  eroding  the  Plane  in  the  Point 
T,  between  the  Hours  of  7  and  8,  and  there  is  the  place  of  the  Subfty. 
lar.  The  South-  eaft  Face  will  contain  all  the  Hours  from  Sun- riling  unto 


_  _ _ _ contain  all  the  Hours  rrom  Sun- riling  unto 

2  after  Noon;  and  the  North-weft  Face,  all  the  Hours  from  1  after  Noon 
unco  Sun-femng.  Then  working&s  before, 

_ _  «  _ _  —  1  nr  1  •  • 


—  - - -  o  / 

1.  The  Angle  Z  PT,  the  Inclination  of  the  two  Meridians,  will  be 

found  to  be  about  7©  degrees  30  minutes. 

2.  The  Ark  P  T ,  the  meafure  of  the 
Angle  P  C  T,  the  height  of  the  Pole  above 
the  Plane>  and  fo  the  height  of  the  Style 
above  the  Subfty  lar,  will  be  14.gr.  5  im* 

3.  The  Ark  Z  T ,  the  meafure  of  the 
Angle  Z  CT,  fhewing  the  diftance  of  the 
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-  4.  The  Arks  of  the  Plane  between  the 
Subftylar  and  the  Hour-lines ,  depending 
on  the  difference  of  Meridians ,  which  is 
here  70  £r.  30  m.  or  4  ho.  42  m.  fliort  of  the 
Meridian,  I  firft  draw  a  Table  with  three 
Columns,  one  for  the  Morning  and  Evening 
Hours,  another  for  the  Angles  at  the  Pole, 
and  the  third  for  the  Arks  of  the  Plane, 
and  there  write  ^7©  gr.  30  m.  by  the  Hour 
of  1 2,  and  place  the  Meridian  and  Subfty¬ 
lar  between  the  Hours  of  7  and  8,  accord¬ 
ing  as  che  Poles  of  the  Plane  do  fail  in  the 
Diagram. 

*  Thin 


in  d  Vertml  Declining  Pldnt.  j  j 

Then  will  the  Angle  at  the  Pole  between  the  proper  Meridian  and  the. 
Hour  of  i  i  be  5  S  gr.  the  Hour  of  10  will  be  40  gr.  30  w,  diftant 

from  that  Meridian;  and  the  reft  in  their  order  /  "which  being  noted  in 
Ithe  fecond  Column,  the  Ark  of  the  Plane  will  be  found  to  be  fuch  Num* 
bers  as  I  have  noted  in  the  third  Column. 

1  With  this  Table  thus  made  you  may  draw  the  Hour-lines,  andfetup 

the  Style  on  either  Face  of  this  or  the  like  Plane,  the  difference  being  only 
in  the  pacing  of  the  Subftylar,  and  that  is  refolved  by  the  fight  of  the 

Diagram.  •  .  O'  ;  O 

>  ,  ,  •*  -  *  1  • 

A  third  Example,  of  a  ^Planc  falling  near  the  Meridian. 

After  the  like  manner,  if  in  our  Latitude  an  upright  Plane  ftiall  de- 
line  85  gr.  for  the  prime  Vertical,  thcont^Face  of  it  being  open  to  the 
North-weft,  and  the  other  to  the  South- eaft,  we  may  in  fome  fort  repre- 
jent  it  by  the  V ertical  Q  Z  H,  and  then  working  as  before, 

1.  The  Angle  ZPT,  the  Inclination  of  the  two  Meridians,  will  be 
bund  to  be  8 6gr,  %m.{o  that  P  T  the  Meridian  of  this  Plane  will  here 
fall  between  the  Hour-circles  of  6  and  7  from  the  Meridian. 

2.  The  Ark  PT,  the  meafure  of  the  Angle  PCT,  the  height  of  the 
’ole  above  the  Plane,  will  be  onely  3  gr .  6  m. 

3.  The  Ark  Z  T,  the  meafure  of  the  Angle  Z  C  T,  thediftanceof  the 
'ubftylar  from  the  Meridian,  38  gr.  23  m. 

j  4*  The  Table  of  the  Angles  at  the  Pole 
fill  be  alfo  gathered,  by  comparing  the  Me- 
idian  of  the  Plane  with  the  reft  of  the 
lour-circles :  For  the  Angle  T  P  Z  ,  be- 
ween  T  P  the  Meridian  of  the  Plane,  P  % 
tie  Meridian  of.  the  Place,  and  the  Hour  of 
2>  being  86  gr.  5  m.  allowing  15 ;  gr.  for 

nHour,  the  Hour  of  it  ~  will  be  78 gr.  3$  m.  and  the  Hour  of  ir, 
igr.  $  diftant  from  the  Meridian  of  the  Plane;  and  fo  the  reft  of 
ie  Hours.  Or  becaufe  the  difference  of  Meridians  8  6 gr.  5  m.  refolved 
ito  Time,  makes  5  ho.  44  m .  and  fo  the  Meridian  of  the  Plane  falls  be- 
weea  the  Hours  of  6  and  7  from  the  Meridian.  I  firft  place  this  Meri- 
lan  between  thefe  Hours,  and  then  taking  7  5  gr.  the  common  meafure 

*  *  °UC  86 *  m‘  there  remains  11  gr*  5  rn.  for  the  Angle 

} the  P°le  ^tween  the  Meridian  of  the  Plane  and  the  Hour  of  7.  Again, 
take  86 gr.  5;  w.  out  of  $0 gr.  the  common  meafure  of  6  Hours,  and 

Tee  there 
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The  Defcriptm  cf  the  Hour -lines 

there  remains  3  gr.  5$  m.  for 
the  Angle  at  the  Pole  between 
the  Meridian  of  the  Plane  and 
the  Hour  of  6.  To  thefe  An¬ 
gles  fo  found  ,  I  allow  I  ^  gr* 
for  every  Hour,  as  in  the  fecond 
Column  of  this  Table. 

Then  having  the  height  oi 
the  Pole  above  the  Plane,  and 
thefe  Angles  at  the  Pole ,  th< 
Arks  of  the  Plane  between  th< 
Subftylar  and  the  Hour-circle 
will  be  found  as  in  the  thirc 
Column. 

Thefe  Arks  being  found, wil 
ferve  for  the  drawing  of  th 
Hour*  lines  on  either  Face  o 
this  or  the  like  Plane. 

i.  By  the  help  of  a  Thrc< 
and  Plummet  I  draw  Z  C 
Vertical  Line,  ferving  bot 
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for  the  Meridian  of  the  place ,  and  the  Hour  of  !  a. 

2.  In  this  Meridian  Line  I  make  choice  of  a  Center  in  the  upper  _ 
of  the  Line,  if  it  had  been  the  Southern  Face  of  the  Plane  ;  but  here  i 
C  the  lower  pare  of  the  Line,  becaufe  we  fuppofed  it  to  be  the  North 
weft  Face  of  the  Plane,  and  the  Style  muft  point  upward :  and  upon  th 
Center  I  deferibe  an  occult  Circle,  reprefenting  the  Declining  Vertic 

belonging  to  this  Plane.  ^ 

3.I  find  a  Chord  of  3$gr.  23  m.  the  diftance  of  the  Subftylar  froi 
the  Meridian  of  the  Place,  and  inferibe  it  into  this  Circle,  from  Z  in  tl 
Meridian,  unto  T  toward  the  left  hand,  according  as  the  proper  Meridii 
P  T  falls  in  the  Fundamental  Diagram  5  and  here  I  draw  the  Line  C 

ferving  for  the  Subftylar*  .  " 

The  Subftylar  being  drawn,  I  may  inferibe  the  Chords  of  the  Ar 

of  the  Wane  from  the  Subftylar,  aftd  draw  the  Hour-lines,  and  fet  upt 

Style*,  as  in  the  former  Plane. 

Or  the  Arks  of  the  Plane  from  the  Subftylar  being  found  as  before*  1 
may  drawtheHour-line,up©n  the  Plane  otherwife  than  by  Chords:  F 
having  drawn  the  Hour-lines  as  in  the  Iaft  Figure,  upon  Paper  or  Pall 


board,  we  (hall  find  the  moft  part  of  thera,  in  this  and  fuch  like  Planes 
that  have  greater  Declination,  to  fall  fo  clofe  together,  that  they  can 
hardly  be  difeerned ;  wherefore  to  draw  them  at  large  to  the  beft  advan¬ 
tage  of  the  Plane,  I  leave  out  the  Center,  and  draw  them  by  Tangents, 
'as  in  the  Polar  Plane, 


i.  I  confider  the  length  and  breadth  of  the  Plane  whereon  I  am  to 
draw  the  Hour-lines,  which  I  fuppofe  to  be  a  Square  whofe  Side  is  $6 
Inches,  and  find  that  the  little  Square  A  BDE  will  contain  both  the-Sub* 
ftylar  and  all  thofe  Hour-lines  which  arc  required  in  the  great  Square 
^  Z  C  . 

*•  I  draw  two  parallel  Lines,  F  N,G  M,  eroding  the  Subftylar  at  Right 
Angles  in  the  points  F  and  G,as  they  may  beft  crofs  all  the  Hour-liaes,a»d 
yet  the  one  be  diftant  from  the  other  as  far  as  the  Plane  will  give  me  leave;  ’ 

E  e  e  2  and 


The  Defer  iptm  of  the  How  lines 

and  1  find  by  the  fight  of  the  Figure,  that  if  A  B  the  Side  of  the  leffer 
Square  fhall  be  36  Inches,  the  Line  CF  will  be  about  nj  Inches,  and 
the  Line  C  G  about  1 00  Inches,  and  therefore  F  G  1 5  Inches.  Again, 
that  the  Point  F  will  fall  about  6lnchesbelow  the  upper  Horizontal  Side 
AB,  and  about  1  a  Inches  from  the  next  Vertical  SidcBD;  for  I  need 
not  here  (land  upon  Parts*  *  _ 

3.  Becaufe  thefe  two  parallel  Lines  are  Tangent  Lines,  in  refped  of 
Circles  drawn  upon  the  SemidiametersC  F,  C  G,  and  fuch  Tangent  as 
belongs  to  the  Arks  of  the  Plane,  being  between  the  Subftylar  and  the 
Hour-lines,  the  proportion  will  hold, 

e/£r  the  T angent  of  45  gr. 

is  to  the  Tangent  of  the  Ar\^  of  the  Plane  ; 

So  the  Length  of  the  Semidiameter ,  \ 

to  the  Length  of  the  Tangent-line . 

As  for  Example :  The  Ark  of  the  Plane  between  the  Subftylar  and 
the  Hour  of  1  is  1 5-.jp*.  28  m.  in  the  former  Table,  the  Semidiametei 
CF  11 5  Inches,  and  the  Semidiameter  CG  100  Inches:  Wherefore] 
extend  the  Compaffes  from  the  Tangent  of  4  5  if*  unto  the  Tangent  oi 
1 5  gr,  28  m.  the  fame  extent  will  reach  from  11 5  in  the  Line  of  Numbers; 
unto  3  1,82, which  /hews  the  length  of  the  Tangent-line  between  F  in  th 
Subftylar  and  the  Hour-line  of  1  to  be  3 1  Inches  8  2  cent,  or  parts  of  loo, 
Again,  the  fame  extent  will  reach  from  100  unto  27, 67  ;  and  fuch  is  th< 
length  of  the  leffer  Tangent  from  G  to  the  Hour  of  1 . 

The  like  reafon  holds  for  the  length  of  the  other  Tangents  from  th< 
Subftylar  to  the  reft  of  the  Hours,  as  in  the  Table  ;  as  alfo  for  the  heigh 
of  the  Style  above  thefe  Tangent-lines :  and  fo  the  Angle  of  the  Styl< 
above  the  Plane  being  3 gr.  6  m.  the  Height  F  K  will  be  found  to  be  6  In¬ 
ches  2  3  cent .  and  the  Height  GL  5  Inches  42  cent. 

Where  the  Reader  may  obferve,  that  if  the  extent  from  the  Tangent  0: 
45  gr.  to  the  Tangent  of  3  gr.  6  m.  or  to  1 15  in  the  Line  of  Numbers 
be  too  large  for  his  Compaffes,'  he  may  ufe  the  Tangent  of  5  gr.  45  m.  it 
dead  of  the  Tangent  of  45  gr.  as  I  noted  before, 

4. Having  found  thefe  Lengths  and  Heights,and  fet  them  down  in  a  Ta¬ 
ble,  I  come  to  the  Plane  here  refembledby  the  leffer  Square  A  BD  E 
where  I  begin  with  an  occult  Vertical  F  H,  about  12  Inches  from  the  Sid< 
R  D,  and  upon  the  Center  F,  about  6  Inches  below  the  Side  A  B,  de 

kribe  an  occult  Ark  of  a  Circle, 

~  '  S’** 
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Into  this  Ark  I  firft  infcribe  a  Chord  of  %$gr.  2\m.  the  diftance 
of  the  Subftylar  from  the  Meridian,  to  make  the  Angle  H  F  G  equal  to 
the  Angle  ZCT;  fo  the  Line  F  G  (hall  be  the  Subftylar :  and  then  ano¬ 
ther  Chord  of  51  gr.  37  m.  the  Complement  of  thisDiftance,  to  make 
up  the  Right  Angle  G  F  N  ;  fo  the  Line  F  N  lhallbe  the  greater  of  the 
two  Tangent-lines  before- mentioned. 

6 .  I  fet  off  1 5  Inches  from  F  unto  G  toward  the  Center,  and  through 
G  draw  the  leffer  Tangent-line  G  M,  parallel  to  the  former. 

7.  Thefctwo  occult  Tangent- lines  being  thus  drawn,  I  look  into  the 
former  Table  for  the  Hour  of  i  ,  and  there  find  the  Ark  of  the  Plane  be¬ 
tween  the  Subftylar  and  the  Hour  of  I  to  be  1 5  gr.  28  w.  and  the  length 
belonging  to  it  in  the  greater  Tangent-line  to  be  31  Inches  82  cent,  in  the 
leffer  Tangent-  line  27  Inches  67  cent,  wherefore  1  take  out  31  Inches 
8  2  parts,  and  prick  them  down  in  the  greater  Tangent  from  F  to  N,  and 
then  27  Inches  67  Parts,  and  prick  them  down  in  the  leffer  Tangent 
from  G  to  M,  and  draw  the  Line  MN  for  the  Hour  of  1,  which  if  it 
were  produced,  would  crofs  the  Subftylar  F  G  in  the  Center  C,  and  there 
make  the  Angle  FCN  15 gr.  28  m.  The  like  Reafon  holdeth  for  the 
drawing  of  all  the  reft  of  the  Hour- lines. 

Laftly,  I  fee  up  the  Style  right  ever  the  Subftylar,  fo  as  the  Height 
F  K  may  be  6  Inches  23  cent,  and  the  Height  G  L  5  Inches  42  cent,  then 
(hall  K  L  reprefent  the  Axis  of  the  World ,  and  if  it  were  produced, 
would  crofs  the  Subftylar  F  G  in  the  Center  C,.  and  there  make  the  An¬ 
gle  F  C  K  to  be  %gr.  6  m.  and  fo  be  truly  placed  for  calling  of  the  Sha¬ 
dow  upon  the  Hour-lines  in  this  Declining  Plane. 


CHAP.  VIII. 

Ew  *  ■  •  *• '  ■  .  *  " 

'IP  lL  .  - 

To  draw  the  Hour ‘lines  in  a  Meridian  Inclining  Plant. 

A  LI  thofe  Planes  wherein  the  Horizontal  Line  is  the  fame  with  the 
Meridian  Line  are  therefore  called  Meridian  Planes :  if  they  be 
right  to  the  Horizon,  they  are  called  by  the  general  name  of  Meridian 
Planes,  without  farther  addition,  and  are  deferibed  before  :  if  they  lean 
to  the  Horizon,  they  are  then  called  Meridian  Incliners. 

Thefe  may  incline  either  to  the  Eaft  part  of  the  Horizon ,  or  to  the 
Weft,  and  each  of  them  hath  two  Faces,  the  upper  towards  the  Zenith, 
the  lower  towards  the  Nadir ,  wherein  knowing  the  Latitude  of  the 

Place*. 


1 


N 

The  Defcriftion  of  the  Hour- lines 
Place,  and  the  Inclination  of  the  Plane  to  the  Horizon,  we  are  to  con- 
fider, 

t  Thp  Inclination  of  the  Meridian  of  the  Plane  to  the  Meridian  of 


the  Place. 

2.  The  Height  of  the  Pole  above  the  Plane.  . 

3 .  The  D  .Ranee  of  the  Subftylar  from  the  Meridian. 

4.  The  Diftance  of  each  Hour- line  from  theSubftylar. 

And  all  thefe  four  are  reprefented  in  the  Fundamental  Diagram,  as  in 
this  Example.  .  . 

In  our  Latitude  of  51  gr,  30  m.  a  Meridian  Plane  indineth  Eaftward 
50  gr .  thefe  50 gr.  I  number  in  the  Vertical  Circle  from  E  unto  G,  ac¬ 
cording  to  the  Inclination  of  the  Plane,  and  there  draw  the  Ark  S  G  N 
reprefenting  the  Plane  propofed.  Again,  I  number  50  from  Z  unto  K, 
fo  the  Point  K  (being  90  gr.  from  the  Plane  at  G)  lliall  be  the  Pole  of 
this  Plane,  and  the  proper  Meridian  of  this  Plane  may  be  fupplied  by  a 
Circle  drawn  through  K  and  P.  This  Meridian  doth  here  fall  between 
the  Hours  of  4  and  5,  and  eroding  the  Plane  at  Right  Angles  in  the  Point 
V,  in  the  Right  Line  G  V  fhali  be  the  Subftylar,  and  the  Angle  PC  V 
the  height  of  the  Style  above  the  Plane,  and  Right  Lines  drawn  from 
the  Center  C  to  the  Interfe&ions  of  the  Hour-circles  with  S  G  N  fhali  be 
the  Hour-lines  here  inquired.  The  lower  Face  of  the  Plane  will  contain 
all  the  Hour-lines  from  Sun-rifing  unto  1 1  in  the  Morning, and  the  uppei 
Face  the  Hours  from  9  in  the  Morning  unto  Sun-fetting.  Then  have  I  a 
Re&angle  Triangle  P  V  N, wherein  the  Bale  P  N  is  the  Height  of  the  Pofc 
above  the  North  part  of  the  Horizon,  and  the  Angle  P  N  V  the  Comple¬ 
ment  of  the  Inclination  to  the  Horizon :  And  thefe  being  known, 

1.  I  may  find  the  Angle  N  P  V  of  Inclination  of  the  two  Meridi¬ 
ans  :  For, 


z/ls  the  Cofine  of  the  Latitude , 
is  to  the  Sine  of  90  gr. 

So  the  Tangent  of  Inclination  to  the  Horizon, 
to  the  T angent  of  Inclination  of  Meridians • 

'Extend  the  Compares  from  the  Sine  of  $%gr.30m.  the  Complemen 
of  the  Latitude,  unto  the  Sine  of  90  gr,  the  fame  extent  will  reach  fron 
the  Tangent  of.  yo  gr,  o  m.  the  Inclination  of  the  Plane  to  the  Horizon 
unto  the  Tangent  of  6igr.  25  m.  and  fuch  is  the  Inclination  of  the  Me 
ridian  of  the  Plane  to  the  Meridian  of  the  Place;  which  being  refolva 
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iifttoTime,  doth  give  about  4  ho,  and  10  m.  from  the  Meridian,  for  the 
place  of  the  Subftylar  among  the  Hour- lines. 

2,  The  Height  of  the  Pole  above  the  Plane  isherereprefented  by  the 
(quantity  of  the  Ark  of  the  proper  Meridian  P  V, between  the  Pole  and  the 
Plane,  and  may  be  known  by  that  which  we  have  given  in  the  former 
[Triangle  P  V  N.  For, 

ids  the  Sine  of  9®*gr; 

to  the  Sine  of  the  Latitude : 

So  the  Co- fine  of  the  Inclination  to  the  Horizon , 

to  the  Sine  of  the  Height  of  the  Hole  above  the  Plane . 

*  • 

•  • 

Extend  the  Compafles  from  the  Sine  of  9©  gr,  unto  51  gr.  30  ns,  the 
Sine  of  the  Latitude,  the  fame  extent  will  reach  from  the  Sine  of  4©  gr, 
the  Complement  of  the  Inclination  of  .the  Plane  to  the  Horizon,  unco  the 
Sine  of  30^7%  12  m.  Or, 

z/(s  the  Sine  of  90  gr. 

to  the  Co-fine  of  Inclination  of  Meridians : 

So  the  Tangent  of  the  Latitude , 

to  the  Tangent  of  the  Height  of  the  Pole  above  the  Plane, 

Extend  the*  Compares  from  the  Sine  of  90  gr .  unto  the  Tangent  of 
5 1  gr,  30  m.  the  Latitude  of  the  Place,  the  fame  extent  will  reach  from 
the  Sine  ©f  17  gr.  3  5  m.  the  Complement  of  the  Inclination  of  the  two 
Meridians,  unto  the  Tangent  of  gr,  12  m.  And  fuch  is  PV  the 
Height  of  the  Pole  above  the  Plane,  and  fuch  muft  be  the  Height  of  the 
Style  above  the  Subftylar. 

3.  The  Diftance  of  the  Subftylar  from  the  Meridian  is  here  reprefented 
by  NV  the  Ark  of  the  Plane  between  the  two  Meridians,  and  may  be 
found  by  that  which  we  have  given  at  the  iirft  in  the  former  Triangle 
PYN.  For, 

r  *  *  i 

etAs  the  Sine  of  90  gr. 

to  the  Sine  of  the  Inclination  to  the  Horizon : 

So  the  Tangent  of  the  Latitude, 

to  the  Tangent  of  the  Subfiylar  from  the  eJWeridian, 

Extend  the  Compafles  from  the  Sine  of  90  gr,  unto  the  Tangent  ©f 
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5 1  3©  »5f.  the  Latitude  of  the  Place*  the  fame  extent  will  reach  from 

the  Sine  of  50 gr.  the  Inclination  of  the  Plane  to  the  Horizon,  unto  the 
Tangent  of  43  gr.  55  m.  And  fuch  is  the  Ark  N  V,  the  diftance  of  the 

Subftylar  from  the  Meridian.  ' 

4.  The  Diftances  of  the  Hour-lines  from  the  Subftylar  are  here  all# 
reprefented  by  thofe  Arks  of  the  Plane  which  are  here  intercepted  between 
the  proper  Meridian  and  the  Hour-circles,  and  may  be  found  by  that 
which  we  have  given  in  the  Triangles  made  by  the  Plane,  with  his  proper 
Meridian  and  the  Hour-circles :  For  the  Angle  at  V,  between  the  Plane 
sind  the  proper  Meridian,  is  well  known  to  be  a  Right  Angle,  and  the  Side 
P  V  is  the  Height  of  the-  Pole  above  the  Plane,  and  the  Angles  at  the 
Pole  between  the  proper  Meridian  and  the  Hour-circles  areealily  gathered 

into  a  Table,  The  Angle  VPN  between 
V  P  the  proper  Meridian  of  the  Plane, and 
P  N  the  general  Meridian  of  the  Place,  be¬ 
ing  62 gr.  25m.  the  Angle  between  the  pro¬ 
per  Meridian  and  the  Circle  of  the  Hour  of 
1 1  will  be  77  gr.  2  5;  m,  and  the  Angle  be¬ 
longing  to  the  Hourof  *>47  ^15^,  and 
fo  the  reft  of  the  Angies  at  the  Pole.  Then* 
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ss4s  the  Sine  of  90  gr. 

to  the  Sine  of  the  Height  of  the  Polo 
above  the  Plane  : 

So  the  Tangent  of  the  Angle  afrthe  Pole , 
to  the  Tangent  of  the  Ho  fir-line  from 
the  Subftylar, 


% 

Wherefore  I  extend  the  Compares  from 
the  Sine  of  90  gr.  unto  the  Sine  of  30 gr. 
12  m.  the  Height  of  the  Pole  above  the 
Plane,  and  I  find  the  fame  extent  to  reach 
in  the  Line  of  Tangents  from  77^.  25  «/. 
unto  66  gr,  4  m.  for  the  diftance  belonging 
to  the  hour  of  11 ;  and  from  the  Tangent 


of  62  gr.  25  m.  to  43  gr.  5  J  m.  for  the  Hour  of  12,  as  when  I  found 
the  diftance  of  the  Subftylar  from  the  Meridian :  And  fo  for  the  reft  of 
die  Arks  of  the  Plane  between  the  Subftylar  and  the  Hour-circles,  as  in 
the  Table. 

«  ;  1 .  ’  '  Thefe 
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Thefe  Arks  being  thus  found,  will  ferve  to  draw  the  Hour*  lines  on 
lither  Side  of  this  Plane :  But  fuppofing  it  to  be  the  upper  fide, 

.  i.  I  draw  the  Horizontal  Line  C  N,  fervi'ng  for  the  Meridian  and 
|dourof  1  2. 


2.  In  this  Line  I  make  choice  oF  a  Center  at  C  ,  and  thence  de- 
nbe  an  occult  Ark  of  a  Circle  reprefenting  the  Plane  propofed. 

I  3*  ®  a  Chord  of  45  gr.  55  Ae  diftance  ©f  the  Subftylar  from 
lie  Meridian,  and  infcribe  it  into  this  Circle  from  N  unto  A,  according 
I  find  the  proper  Meridian  PV  to  fall  in  the  Fundamental  Diagram, 
m  there  I  draw  the  Line  C  A  ferving  for  the  Subftylar. 


F  f  £ 


4/  Th< 


^.1 


4  i  iht  Defer iptton  of  the  Hour*  hm 

The  Subflylar  being  drawn,  I  may  infcribe  the  Chords  of  the  Arl 
of  the  Plane  from  the  Subftylar,  and  draw  the  Hour*lines,  and  fee  up  tli 

Style,  as  in  the  former  planes. 


CHAP.  IX, 


To  draw  the  Mur -lines  \ns  a  Polar  Declining  Plane. 


^Hofe  Planes  wherein  a  Line  may  be  drawn  parallel  to  the  Axis  of  tl 
ju  World  are  called  Polar  Planes,  becaufe  that  Line  pointeth  unto  tl 
Poles ;  and  thefe  Planes  are  always  parallel  to  fome  one  of  the  Hour-ci 
Mes.  If  they  be  parallel  to  the  Hour  of  6,  they  are  called  Dired  Pol 
Planes;  if  to  the  Hour  of  1 2,  they  are  called  Meridian  Planes ;  and  bo 
thefe  are  described  before :  if  to  any  other  of  the  Hour-circles,  they  a 
then  called  by  the  name  of  Polar  Declining  Planes,  becaufe  of  their  ii 
dining  to  the  Pole,  and  declining  from  the  Vertical.  ■ 

Thefe  kind  of  Planes  may  be  known  in  this  fort  :  Firft,  conndert 
Inclination  of  the  Plane  to  the  Horizon,  which  in  thefe  parts  of  the  Wor 
muft  always  be  Northward,  and  more  than  the  Latitude  of  the  Pb 
Then  find  the  Declination  from  the  Vertical;  Thefe  two  being  know 
if  the  proportion  hold, 


As  the  Sine  of  go  gr; 

to  the  Co-fine  of  the  'Declination  s 
So  the  Tangent  of  the  Declination , 
is  the  Tangent  of  the  Latitude , 
it  is  then  a  Polar  Declining  Plane  ;  otherwife  not. 


For  example:  In  our  Latitude  of  51 gr.  30  m.  a  Plane  is  propo; 
declining  from  the  Vertical  6$gr,  40  m.  and  inclining  Northward  71 


.uumg  num  uit  . . n  -  11 

w.the  upper  Face  being  open  to  the  South- eatt,  and  the  lower  to 

.  ’  1  ^  t  -  _ -  l.ti  ‘ _ 


)•  cue  upper  r 

North- weft.  If  I  number  thofe  6$gr*40  m.  in  the  Horizon  ot  tae-ri 
dainental  Diagram  from  E  unto  Q ^  and  draw  the  Line  H  C  Qjp  h  f 1 
reprefent  the  Horizontal  Line  of  the  Plane:  then  eroding  it  at  Ri 
Angles  with  the  Plane  BZP  drawn  through  the 'Zenith,  I  num 
7 1  5 1  m,  for  the  Inclination  from  D  unto  R,  and  there  draw 

Circle  H  R  this  Circle  fo  drawn  (lull  reprefent  the  Plane  propof 
and  becaufe  it  alfo  paileth  through  the  Pole,  it  is  therefore  a  Poiar^b 
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But  for  farther  trial,  I  extend  the  Compares  from  the  Sine  of  to  the 
Sine  of  24  20  m.  the  Complement  of  the  Declination,  and  I  find 

:he  fame  Extent  to  reach  from  the  Tangent  of  71  51  the  Inchna* 

jlion  propofed,  unto  the  Tangent  of  5  r  gr .  30  m.  which  is  the  true  Lati- 
:ude  of  the  Place  ;  and  therefore  it  is  a  Polar  Plane. 

Again,  I  number  the  Inclination  of  71^.  5  1  m.  in  the  Circle  BZD 
rrom  Z  unto  M,  fo  this  point  M  will  fall  at  the  meeting  of  B  Z  D  with 
:he  Equator,  and  being  pogr,  from  the  Plane  at  R,  it  fhallbe  the  Pole 
)f  this  Plane ;  and  a  Circle  drawn  through  M  and  P  will  be  the  proper 
Meridian  of  this  Plane.  This  Meridian  M  P  here  falling  on  the  Hour  of 
B,  doth  give  MP  Z,  the  Angle  of  the  Inclination  of  Meridians,  to  be 
^  Hours,  or  60  Degrees ;  then  eroding  the  Plane  at  the  point  P,  it  fhews 
:hat  the  Subftylar  (hould  be  CP,  and  be  placed  at  the  Hour  of  S,  But 
jjecaufe  P  is  the  Pole,  and  C  P  the  Axis  of  the  World  wherein  all  the 
Htaur-circles  do  meet,  and  fo  there  would  be  no  diftin&ion  between  the 
fVxis,  the  Subftylar,  and  the  Hour-lines,  I  now  fuppofe  the  Plane  in  a 
parallel  to  the  Circle  H  RQj  according  to  the  diftance  that  I  would  have 
Ktwccn  the  Axisof  the  Style  and  the  Subftylar,  then  will  the  Style  be 
parallel  to  the  Plane,  as  appears  in  the  Fundamental  Diagram. 

Here  then  the  Style  will  be  parallel  to  the  Plane,  and  the  Hour-lines 
urallel  one  to  the  other,  as  in  the  Meridian  and  Direft  Polar  Planes.  Y et 
hatwe  may  better  know  how  t©  draw  the  Hour-lines,  and  where  to  place 
he  Style,  we  are  to  confidcr, 

I#  The  Arl^  of  the  Plane  between  the  Horizon  and  the  Pole . 

|  In  a  Meridian  Plane,  the  Ark  between  the  Horizon  and  the  Pole, which 
eprefents  the  Ark  between  the  Horizon  and  the  Hour-lines,  is  always 
jiqual  to  the  Latitude  of  the  Place  ,  in  a  dire$:  Polar  it  is  an  Ark  of  gr* 
in  thefe  Declining  Polars  it  is  greater  than  the  Latitude,  and  yet  lefs  than 
>o  gr»  This  Ark  is  here  reprefented  by  P  Q^,  and  may  be  known  by  re- 
biving  the  Triangle  QN  P,  or  P  R  Z. 

I  *  '  ;  ■  .  •  1 

I  As  the  Sine  of  90  gr. 

to  the  Co  fine  of  the  Latitude : 

So  the  Sine  of  the  Declination , 

to  the  Co-fine  of  the  Arl^bctween  the  Horizon  and  the  Pole » 

Extend  the  Compares  from  the  Sine  of  90  gr,  unto  the  Sine  of  38  gr* 

I  .  F  f  f  2  '  3°  nh 

i 
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lom.  the  Complement  of  the  Latitude,  the  fame. extent  will  reach  frorr 
the  Sni£  of  65  gr.  40  w.  the  Declination  propofed,  unto  the  Sine  oi 
54 gr,  54  m.  whole  Complement  is  gr.  16  w9  the  Ark  of  the  Plan( 
required  between  the  Horizon  and  the  Pole. 

% 

Or,  As  the  Co- fine  of  Inclination  to  the  Horizon)  , 
to  the  §lne  of  9©  gr, 

$0 the  Co- tangent  of  the  Declination^ 

to  the  Tangent  o  f  the  Ark  between  the  Horizon  and  the  Foie. 

■  ■  J  _•  *  -  1  '  *•  •  v  •  l 

And  fo  extending  the  Cornpaffes  from  the  Sine  of  1 8  gr.  9  m9  the  Com 
plement  of  the  Inclination  to  the  Tangent  of  24 gr.  20  wthe  Comple 
ment  of  the  Declination,  the  fame  extent  doth  reach  from  the  Sine  c 
9P  ^r.unto  the  Tangent  of  ?  $  gr •  2 6  m.  And  fuch  is  QP  the  Ark  of  th 
Plane  between  the  Horizon  and  the  #oie,  the  meafure  of  the  Angle  QC  ! 
between  the  Horizontal  Line  and  the  Subftylar. 

%.  The  Inclination  of  the  Meridian  of  the  Plane  to  the  Meridian  of  tk 
Place. 

•  .# 

The  Subftylat  in  a  Direa  Polar  Plane  is- always  the  fame  with  th 
Hour-line  of  u ;  in  a  Meridian  Plane  it  is  the  fame  with  the  Hour-lui 
of  5;  in  thefe  Declining  Polars  it  muft  be  placed  between  I  i  and  6,  at 
cording  to  the  Inclination  of  the  Meridian  of  the  Plane  to  the  Meridia 
of  the  Place,  which  ishere  reprefented  by  MP  Z*  the.  Complement  c 
the  Angle  R  P  Z,  and  thus  known..  J 

* 

As  the  Sine  of  90  g. 

to  the  Sine  of  the  Latitude  1 
So  the  Tangent  of  the  Declination  of  the  rplnne  f 
tfiihiTangent  of  th  Inclination  of  Meridians . 

Extend  the  Compares  from  the  Sine  of  90  gr.  to  the  Sine  of  J  t  f 
30  w.,the  Latitude  of  the  Place, the  fame  extent  will  reach  from  theTangei 
of  6  5  er.  40  m.  the  Declination  propofed,  unto  the  Tangent  of  do  f 
and  fuch  is  the  Angle  ©f  Inclination  between  the  Meridian  of  she  Pla 
and  the  proper  Meridian  of  the  .Plane,  which  refplvedintpTime,  dot 
tnakefour  Hours;  and  fo  the  Subftylar  mwft  hete.be  placed  upon  the  Hot 
cf  8  in  the  Morning-  •  B  T, 


in  &  Tolar 'Declining  Plane* l  ’  45^ 

This  Angle  being  known,  the  reft  of  the  Angles  at  the  Pole  are  eafily 
gathered.*  Forif  the  Hour  of  1 2  be  60 gr%  diftant  from  the  Meridian  d£ 
the  Plane,  the  Hour  of  1  will  be  7  5  gr .  and  the  Hour  of  1 1  will  be  45  gr* 
diftant,  and  the  reft  of  the  Hours,  as  in  the  Table  following.  Then  co¬ 
ming  to  the  Plane, 

1. 1  draw  an  occult  Horizontal  Line  H  Q ^  wherein  !  make  choice  of  a 
Center  at  H  and  defcribe  an  occult'  Circle  for  the  Horizon  of  the  Plane. 

2.  I  find  a  Chord  of  5  5  gr .  26  m.  and  infcribe  it  into  this  Circle  from 
Qjuito  B?  according  to  the  fituation  of  the  Plane  $  fo  the  Line  H  B  fhall 
be  the  Meridian  of  the  Plane,  and  therefore  the  Subftylar  5  and  the  Line 
A  Carolling  it  at  Right  Angles?  lhall  be  the  Equator. : 


r* 


3.  Iconfider  the  length  of  the  Plane?  and  how  many  Hours  I  am  to 
draw  upon  it,  that  fo  I  may  proportion  the  Height  of  the  Style  ;  and  I 
find  by  the  Fundamental  Diagram,  and  the  former  Table,  that  it  will 


contain 


contain  all  tire  Hours  from  Sun*rifing  until  it  be  paft  i  after  Noon  .*  and 
therefore  the  Meridian  of  the  Planefalling  on  the  Hour  of  8  in  the  morn¬ 
ing,  there  will  be  four  Hours  on  the  one  fide,  and  five  on  the  other  fide 
of  the  Subftylar.  But  in  all  Polar  Planes  the  height  of  the  Style  above  the 
Subftylar  muft  be  equal  to  the  diftanceof  the  third  Hour  from  theSubfty- 
lar,  or  about  f  of  the  fourth  Hour,  or  little  more  than  £  of  the  fifth  Hour, 
agd  thereupon  I  allow  the  height  of  this  Style  to  be  equal  to  C  B,  which 
you  may.  fuppofe  to  be  IO  Inches* 

4.  Becaufe  the  Equator  AC  is  a  Tangent-line,  in  refpebt  of  theRadius 
B  C,  and  the  parts  thereof  ar$  fueh  as  belong  to  the  Angles  between  the 
Meridian  of  the  Plane  and  the  Hour-lines,  which  Angles  are  fee  down  in 
the  Table  following,  I  may  find  the  length  of  each  federal  Tangent  in 
this  manner. 


<*/ts  the  Tangent  of  45  gr. 

is  to  the  Tangent  of  tfre  Hour : 
So  the  Parts  of  the  Radius, 

to  the  Parts  of  the  Tangent -line* 


Latitude  51  30 

Declinar.  65  40 

Inclinat.  71  $r 

Diff.  Merido  60  o 
Dift.  Subft.  $  5  2Q 


Ang. 

Po.l 

:Tang. 

nours. 

Gr.* 

M. 

1 

In. 

Far. 

4 

60 

°° 

17 

31 

5 

45 

00 

IO 

00 

6 

50 

00 

s 

77 

7 

45 

00 

2 

68 

8 

Merid. 

Subltyh 

r 

9 

IS 

00 

2 

68 

IO 

30 

00 

5 

77 

IX 

45 

00 

10 

GO 

12 

60 

00 

17 

32 

I 

75 

00 

37 

32 

2 

90 

00 

Infinit. 

The  Angle  A  B  C  between  the  Meridian 
of  the  Plane  arid  the  Hour  of  1 2,  the  Meri¬ 
dian  of  the  Place,  is  60  gr.  in  the  former 
Table,  and  the  Radius  B  C  is  fuppofed.to 
be  10  Inches  5  whereupon  I  extend  the 
Compares  from  the  Tangent  of  45  gr,  unto 
the  Tangent  of  60  gr.  the  fame  extent  will 
reach  from  I'o  in  the  Line  of  Numbers,  unto 
17. 32,  which  fhews  the  length  of  the  Tan¬ 
gent  A  C,  between  the  Subftylar  and  the 
Hour  of  12,  to  be  17,  32  cent.  The  like 
reafon  holds  for  the  reft  of  the  Hours. 

Thefe  Lengths  being  thus  found  and  fet 
down  in  the  Table,  I  take  cut  17  Inches 
32  cent,  and  prick  them  in  the  Equator  from 
C  unto  A  for  the  Hour  of  12,  and  37  In¬ 
ches  32  cent .  and  prick  them  down  for  the 
Hour  of  1 :  And  fo  the  reft  of  the.  Hour- 
points. 

6.  This  done ,  if  I  draw  Right  Line 

throug! 


1 
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through  each  of  thefe  Points,-  eroding  the  Equator  at  Right  Angles,  they 
ihall  be  the  Flour*  lines  required :  And  if  I  fee  the  Style  over  the  Subtly - 
lar,  fo  as  the  edge  of  it  may  be  parallel  to  the  Plane,  and  the  height  or  it 
be  i ©Inches,  equal  to  the  former  Radius  B  C,  it  ihall  repretent  the  Axis 
of  the  World,  and  be  truly  placed  for  calling  of  the  Shadow  upon  the 
j  Hour-lines  in  this  Declining  Polar  Plane. 


CHAP.  X. 

To  dr  aw  the  Hour -  lines  in  a  Declining  Inclining  Plane* 

B'i  W  '  -  v  ~  .v  .  ,  v 

TF  a  Plane  ihall  decline  from  the  prime  Vertical,  and  incline  to  the 
|  X  Horizon,  and  yet  not  lie  even  with  the  Poles  of  the  World,  it  is  then 

!  called  a  Declining  Inclining  Plane.  ,  , 

Of  thefe  there  are  feveral  forts ;  for  the  Inclination  being^N or thward, 
the  Plane  may  fall  between  the  Horizon  and  the  Pole,  as  the  Circle 
in  the  Fundamental  Diagram  |  or  between  the  Zenith  and  the^  o  e,  as 
iBFD:  or  die  Inclination  may  be  Southward,  and  fo  be  repreiente  y 
BKD:  it  may  alfo  fall  cither  below  the  Interfe&ion  of  the  Meridian  and 
i  the  Equator,  or  above  it ;  and  each  of  thefe  hath  two  Faces,  t  e  upp  . 

!  toward  the  Zenith,  and  the  lower  toward  the  Nadir ;  wherein  aving 
the  Latitude  of  the  Place,  with  the  Declination  and  Inclination  o 

Plane,  we  are  further  to  confider, 

i*  The  Ark  of  the  Meridian  between  the  Pole  and  the  Plane. 

2.  The  Inclination  of  the  Plane  to  the  Meridian. 

g.  The  Ark  of  the  Plane  between  the  Horizon  and  the  Meridian. 

4.  The  Angle  of  Inclination  between  both  Meridians. 

5.  The  Height  of  the  Pole  above  the  Plane. 

6.  The  diftance  of  theSubftyiar  from  the  Meridian. 

7.  The  diftances  of  each  Hour-line  from  the  Subftylar.  - 

And  all  thefe  (even  may  be  reprefented  in  the  Fundamental  Diagram, 

as  in  this  Example.  *  >  .  c  1 

Inour  Latitude  of  %igr>  50 m.  a  Plane  is  propofed  declining  tromtiic 

Vertical  2+gr.  20  m.  and  inclining  Northward  36  gr .  the  upper  Pace 
lying  open  to  the  South-weft,  the  lower  to  the  North-eaft.  If  I  er 
thefe  24  gr.  20  m.  m  the  Horizon  from  EtoB,  and  there  draw  die  .me 
BCD,  it  Ihall  reprefent  the  Horizontal  Line  of  the  Plane  :  Then  crol- 
ling  it  at  Right  Angles  with  the  Plane  HZ  Qjirawn  through  the  Zenit  1, 


/ 
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I  number  36  jp*.  for  the  Inclination  from  C^utito  M,  and  there  draw 
the  Circle  B  M  D,  eroding  the  Meridian  in  the  Point  a ;  this  Circle  fo 
drawn  {hall  reprefent  the  Plane  propofed  :  and  becaufe  it  doth  not  pafs 
through  the  Pole,  is  therefore  no  Polar,  but  an  ordinary  Declining  In¬ 
clining  Plane. 

1.  The  Ark  of  the  Meridian  of  the  Place  between  the  Pole  and  the 
Plane  is  here  reprefented  by  P  a>  and  may  be  found  by  refolving  the  Tri* 
angle  DN^,  wherein  the  Angle  at  N  is  known  to  be  a  Right  Angle,  the 
Angle  at  D  is  the  Angle  of  Inclination,  the  Side  D  N  the  Compiemeik 
of  the  Declination  5  which  being  known, 

As  the  Sim  of  90  gr. 

to  the  Co- fine  of  ‘Declination  s 
c  So  the  Tangent  of  Inclination  to  the  Horizon, 

to  the  Tangent  of  the  Ark^  of  the  ^Meridian  between  the  Hori¬ 
zon  and  the  Plane , 

Extend  the  Compaifesfrom  the  Sine  of  90  gr.  unto  the  Sine  of  6$  gr » 
40  m.  the  Complement  of  the  Declination,  the  fame  extent  will  reach 
'  from  the  Tangent  of  3  6  gr*  the  ^Inclination,  propofed,  unto  the  Tangent 
of  33 gr.  3©  m.  and  fuch  is  the  Ark  of  the  Meridian  N  a  between  the 
Horizon  and  the  Plane.  This  Ark  N  a  being  compared  with  the  Ark 
NP,  which  is  the  Elevation  ©f  the  Pole  above  the  Horizon,  and  is  here 
fuppofed  to  be  51^.30  m.  the  difference’N  a  comech  to  18  gr.  and  fuch 
is  the  Ark  bf  the  Meridian  tequired  between  the  Pole  and  the  Plane. 

2.  The  Inclination  of  the  Plane  to  the  Meridian  is  here  reprefented  by 
the  Angle  N  a  D,  and  may  be  found  by  that  which  \ye  have  given  inrhe 
former  Triangle  DN  a.  For, 

As  the  Sine  of  9©  gr.  - 

*  to  the  Sine*of  the  Declination  from  the  Vertical : 

So  the  Sine  of  Inclination  to  the  Horizon , 

to  the  Co- fine  of  Inclination  of  the  Plane  to  the  L Meridian . 

Extend  the  Compares  from  the  Sine  of  9©  £r.  unto  the  Sine  of  24 gr. 
2Q  m.  the  Declination  of  the  Plane,  the  fame  extent  will  reach  from  the 
Sine  of  36 gr.  the  Inclination  given,  unto  the  Co-fine  of  76 gr.  and  inch 
is  N  a  D  the  Angle  of  Inclination  between  the  Plane  D  a  and  N  a  the  Me¬ 
ridian  of  the  Place.  Or, 

As 


in  a  Declining  Inclining  Tlunt, 


As  the  Sine  of  the  Arl^  of  the  MeriiUa  between  the  Horizon  end  the 
Plane  y 

is  to  the  Sine  of  go  gr. 

So  the  Co-tangent  of 'the  Declinationy 

to  the  Tangent  of  Inclination  of  the  Plane  to  the  Meridian • 

ft  Sir  '  ‘  %  Y 

;  ?$?'<  I  ■  *  V  '  '  4  ■  - 

Extend  the  Compares  from  the  Sine  of  33  gr.  30  m,  the  Ark  of  the 
Meridian  between  the  Horizon  and  the  Plane,  unto  theSinc  of  90 gr.  the 
fame  extent  will  reach  from  the  Tangent  of  65  gr.  40  m.  the  Complement 
of  the  Declination,  unto  the  Tangent  of  67 gr.  and  fuch  is  the  Inclination 
of  the  Plane  to  the  Meridian,  the  fame  as  before. 

3 •  The  Ark  of  the  Plane  between  the  Horizon  and  the  Meridian  is  here 
reprefented  by  D  af  and  may  alfo  be  found  by  that  which  we  have  given 
in  the  former  Triangle  DN<?. 

I  f’.V‘  .  /  f  ^  i  ^  •„  f»  *  '' 

1 As  the  Co-fine  of  Inclination  to  the  Horizon^ 
is  to  the  Sine  of  go  gr. 

I  So  the  Co-tangent  of  the  Declination% 

to  the  Tangent  of  the  Arl \  of  the  Plane  from  the  Horizon  to  the 
Meridian .  * 

i  * 

Extend  the  Compares  from  the  Sine  of  74  £r.  the  Complement  of  the 
Inclination  of  the  Plane  to  the  Horizon,  unto  the  Sine  of  9®  gr.  the 
fame  extent  will  reach  from  the  Tangent  of  65  gr.  40  m.  the  Com* 
plement  of  the  Declination,  unto  the  Tangent  of  6ggr .  54  m.  And 
fuch  is  D  a  the  Ark  of  the  Plane  between  the  Horizon  and  the  Meridian 
of  the  Place. 

4*  The  Inclination  of  Meridians  is  here  reprefented  by  the  Angle  a  b  P.* 
i  F°r  having  drawn  the  proper  Meridian  b  P  or  letdown  a  Perpendicular 
!  P  b  from  the  Pole  unto  the  Plane,  this  Perpendicular  fhall  be  the  Meridian 
of  the  Plane,  and  we  fhall  have  another  Triange  a  b  P,  wherein  the  Angle 
at  Ms  a  Right  Angle  becaufe  of  the  Perpendicular, the  Angie  at  a  is  the  In¬ 
clination  of  the  Plane  to  the  Meridian  of  the  Place,  and  the  Side  P  a  is  the 
Ark  of  the  Meridian  between  the  Pole  and  the  Plane;  which  being  known, 


As  the  fine  of  the  Ark,  0/  the  Meridian 
Plane , 

is  to  the  Sine  of  90  gr. 

Ggg 


between  the  Pole  and  the 


Se 


\ 


*0 
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So  the  Co  tangent  of  the  Inclination  of  the  Plane  to  the  Meridian, 
to  the  Tangent  of  Inclination  of  the  Meridian  of  the  Plane  to  the 
^Meridian  of  the  Place ,  that  if,  the  Angle  at  the  Pole  between 

the  two  Meridians . 


Extend  the  Compares  from  the  Sineof  72  gr.  the  Complement  of  the 
A.vk  P  a  between  the  Pole  and  the  Plane,  unto  the  Sine  of  90 gr.  the  fame 

extent  will  reach  from  the  Tangent  of  14  gr.  the  Complement  of  the  In¬ 
clination  of  the  Plane  to  the  Meridian,  unto  the  Tangent  of  Jjgr.  41  m. 
And  fuch  is  the  Angle  P  b  of  Inclination  between  the  Meridian  of  the 
Place  and  the  proper  Meridian  of  the  Plane;  which  refolved  into  Time, 
doth  make  about  59  0*.  and  fo  the  Subftylar  muft  here  be  placed  near  the 

Hour  of  1  after  Noon. 

«.  The  Height  of  the  Pole  above  the  Plane  is  here  reprefented  by  Pi 
the  Ark  of  the  proper  Meridian  between  the  Pole  and  the  Plane,  and  may 
be  found  by  that  which  we  have  given  in  the  T  riangle  ab  P.  For, 


As  the  Sine  of  90  gr.  .  f  .» 

to  the  Sine  of  the  Ark  of  the  Meridian  of  the  Place  between  the 

Pole  and  the  Plane: 

So  the  Sine  of  Inclination  of  the  Plane  to  the  Meridian , 
to  the  Sine  of  the  Height  of  the  Pole  above  the  Plane. 


Extend  the  Compaffes  from  the  Sine  of  90 gr.  unto  the  Sine  of  l8|r 
the  Ark  P  a  »f  the  Meridian  of  the  Place  from  the  Pole  to  the  Plane,  tfo 
fame  extent  will  reach  frem  the  Sine  of  ba?  the  Inclination  of  the  Plan 
to  the  Meridian  of  the  Place,  unto  the  Sine  of  17  gr.  z6  m.  Or, 


As  the  Sine  of  90  gr. 

to  the  Co- fine  of  Inclination  of  Meridians  \ 

So  the  Tangent  of  the  Ark  °f  Meridian  of  the  Place  between  tb 
Pole  and  the  Plane , 

to  the  Tangent  of  the  Height  of  the  Pole  above  the  Plane • 


Extend  the  Compaffes  from  the  Sine  of  9°  gr.  unto  the  Sine  of  7  5  gi 
jo  w.  the  Complement  of  4  Pi  the  Inclination  of  the  two  Meridian 
the  fame  extent  will  reach  from  the  Tangent  of  i8fr.  the  Ark  P*ot  tl 
general  Meridian  between  the  Pole  and  the  Plane ,  unto  the  Tangei 
*f  17 gr.  16  m.  And  fuch  is  Pi  the  Height  of  the  Pole  above  tl 


I 


in  *  Declining  Inclining  plane •  5  * 

Plane ;  and  fuch  muft  be  the  Height  of  the  Style  above  the  Subftylar, 
6  This  Diflance  of  the  Subftylar  from  the  Meridian. of  the  Place  is. 
liere  reorefented  by  a  b  the  Ark  of  the  Plane  between  the  two  Meridians, 
and  may  be  found  by  that  which  we  had  given  ac  the  firft  in  the  former 

Triangle  ab  P.  For, 

W*  .  N  '  .  . 

As  theSineof  9°  gr*  .  .  ,  ,  ,,  ... 

to  the  Co- fine  of  the  Inclination  of  the  Plane  to  the  Meridian  : 

So  the  Tangent  of  the  Ark,  of  the  Meridian  of  the  Place  between  the 
Pole  and  the.  Plane., 

ante  the  Tangent  of  the  Subflylar  from  the  Meridian  of  the  Place. 

Extend  the 'Compares  from  the  Sine  of 
90  gr.  unto  the  Sine  of  14 gr.  the  Comple¬ 
ment  of  ba  P  the  Inclination  of  the  Plane 
to  the  Meridian,  the  fame  extent  will  reach 
from  theTangcnt  of  a 8  gr.  the  Ark  of  the 
general  Meridian  between  the  Pole  and  the 
Plane,  unto  the  Tangent  of  4  gr.  30  m. 

And  fuch  is  the  Ark  of  the  Plane  between 
the  two  Meridians;  and  fuch  muft  be  the 
Diftance  from  the  Hour  of  1 2  co  the  Sub¬ 
ftylar.  ,  ,  r 

7.  The  Diftances  of  the  Hour-lines  from 

the  Subftylar  are  here  alfo  reprefented  by 
thofe  Arks  of  the  Plane  which  are  intercept¬ 
ed  between  the  proper  Meridian  and  the 
Hour-circles  2  For  in  thefe  Triangles,  the 
Angle  at  b  between  the  Plane  and  the  pro¬ 
per  Meridian  is  a  Right  Angle,  the  Side  P  b 
is  the  Height  of  the  Pole  above  the  Plane, 
and  then  the  Angles  at  the  Pole  between  the 
proper  Meridian  and  the  Hour-circles  being 
gathered  into  a  Table, 


Latitude 
Declinac. 
fnclin.  N. 

51  3o 

24  20 

36  0 

Alt.  Merid. 

<59  54 

Diff.  Merid. 

14  41 

Alt.  Styl. 

7  26 

/Dift.Subft. 

4  30 

Hours. 

Ang.Po. 

Ar.  Pia. 

Gr. 

M 

Gr.  M. 

7 

89 

4i 

««  57 

8 

74 

41 

47  35 

9 

59 

4i 

27  9 

10 

44 

41 

16  31 

1 1 

29 

4i 

9  41 

12 

14  41 
Merid. 

4  30 
Subftyl. 

1 

0 

19 

0  6 

2 

15 

19 

4  4 

3 

30 

19 

9  S6 

4 

45 

19 

6  52 

5 

60 

19 

7  45, 

48  51! 

6 

7$ 

19 

As  the  Sine  of  9° 

to  the  Sine  of  the  Height  of  the  Pole  above  the  Plane : 
So  the  Tangent  of  the  Angle  at  the  Pole, 

to  the  Tangent  of  theHw-line  from  the  Sab jtylar. 

Ggg2 


Extend 


5  %  Tfa  Defcription  of  the  Hour-lines 

Extend  the  Compares  from  the  Sine  of  90  unto  the  Sine  of  1 7 gr* 
26  m,  the  Height  of  the  Pole  above  the  Plane,  the  fame  extent  will 
reach  from  the  Tangents  of  14  gr.  41  m.  the  Angle  at  the  Pole  belong¬ 
ing  to  the  Hour  of  1 2,  unto  the  Tangent  ©f  4 gr.  30  #w.  for  the  Ark  of  the 
Plane  between  the  Subftylar  and  the  Hour  of  12 ;  and  from  the  Tangent 
of  29 gr.  41  m.  unto  the  Tangent  of  9^.41  m.  for  the  Hour  of  'Ii  j 
And  fq  for  the  reft  of  the  Arks  of  the  Plane  becween  the  Subftylar  and 
the  Hour-lines,  as  in  the  former  Table. 

Thefe  Arks  being  thus  found,  will  ferve  for  the  drawing  of  the  Hour¬ 
lines  on  either  fide  of  the  Plane :  but  fuppofing  it  to  be  the  upper  fide,  I 
confider  how  the  Lines  do  fall  in  the  Fundamental  Diagram,  and  ac¬ 
cordingly, 


v  I  draw  an  occult  Horizontal  Line  D  D,  wherein  I  make  choice  of 

•  -  the 


f 


in  a  Declining  Inclining  Plane *  $  f 

c  Center  C,  and  thence  draw  an  occult  Circle  for  the  Horizon  of  the 


ane. 


2.  I  find  a  Chord  of  6ggr.  54  m.  the  Ark  of  the  Plane  between  the 
orizon  and  the  Meridian,  and  deferibe  into  this  Circle  from  D  unto 
and  there  draw  the  Line  C  a  for  the  Hour  of  x  2* 
j  3.  I  find  a  Chord  of  qgr.  30  m.  the  Ark  of  the  Plane  between  the 
vo  Meridians,  andinfcribe  it  into  this  Circle  from  a  unto  b,  and  there 
raw  the  Line  C  b  for  the  Subftylar. 

4.  The  Subftylar  being  drawn,  I  may  inferibe  the  Chords  of  the  Arks« 

'  the  Plane  from  the  Subftylar,  and  draw  the  Hour-lines,  and  fee  up  the 
yle,  as  in  the  former  Plane, 

^  V  *  -  <  x 

*/4  fecond  Example  of  a  Plane  falllngbetween  the  Pole  and  the  Zenith . 

jjjf  Vj  •  *  <  )  ~  '  ' 

1  v  *•  (  / 

In  like  manner  if  in  our  Latitude  a  Plane 
p  propofed  declining  from  the  Vertical 
4 gr.  20  m*  as  before,  but  inclining  to  the 
tarizon  75£r,  40  m.  Northward,  the  up- 
!er  Face  being  open  to  the  South-weft,  the 
»wer  to  the  North-  eaft,  this  Plane  fhall  be 
ere  renrefented  by  the  Circle  B  F  D,  crof- 
ng  the  Meridian  in  the  point  dy  between 
le  Pole  and  the  Zenith,  and  the  proper  Me¬ 
dian  of  this  Plane,  by  the  Perpendicular 
rk  P  e. 

Then  in  this  Triangle  D  N  d  knowing 
leSideDN,  the  Complement  of  the  De- 
.ination>  with  the  Angle  of  Inclination  to 
ihe  Horizon  at  D,  and  the  Right  Angle  at 
thefe  former*  Canons  will  give  N</*  the 
d?k  of  the  Meridian  between  the  Horizon 
ind  the  Plane,  to  be  74  gr.  20  m,  and  there- 
Dre  P  D,  the  Ark  of  the  Meridian  between 
he  Pole  and,  the  Plane,  will  be  22  gr.^o  m, 
he  Angle  D  d  N  of  the  Inclination  of  the 
lane  to  the  Meridian  will  be  found  to  be 
'6  gr.  29  m.  and  Dd  the  Ark  of  the  Plane 
•etween  the  Horizon  and  the  Meridian 
6  m* 

Again3, 


Latitude 

5^ 

30 

Qeclinat,  24 

20 

Inciinat. 

7S 

40 

Alt.  Mend.  83 

36 

Diff.  Merid.  25 

T7 

D,ft.  Subft;  Q 

32 

Alt.  Sry] 

•  20  50 

An.  Po 

Ar.  Pla. 

f  f 

Hours. 

Gr,  M 

Gr.  M. 

8 

^5  i/ 

;6  5  6 

*  9 

70  i} 

44  47 

10 

SS  17 

27  11 

1 1 

40  17 

16  43  . 

12 

*5  17 

9  32 

1 

.1 0  17 

.  9  41 

Merid. 

Subftyl. 

2 

4  43 

1  40 

3 

19  43 

7  16 

4 

34  43 

13  50 

5 

49  43 

22  46 

6 

H  43 

37  © 

7 

79  43 

62  5 

'  « 


The  Description  of  the  Hour  •lines 

Again,  in  the  Triangle  P  e  dy  knowing  the  Side  P  d>  the  Ark  of  th( 
Meridian  between  the  Pok  and  the  Plane,  with  the  Angle  of  Incl  natior 
to  the  Meridian  at  d,  and  the  Right  Angle  at  f,  the  Angle  d  Pe  of  the  In 
clinuion  of  the  two  Meridians  will  be  found  to  be  2  5  gr,  ij  iw.  and  P  1 
the  Height  of  the  Pole  above  the  Plane  to  be  20 gr,  50  m.  and  d  e  the  di 
Ranee  of  the  Subftylar  from  the  Meridian  ab®ut  9  gr,  32 m, 

Laffly,  having  found  the  Height  of  the  Pole  above  the  Plane,  and  ga¬ 
thered  the  Angles  at  the  Pole,  the  Arks  of  the  Plane  from  the  Subffylai 
to  the  Hour-lines  will  be  as  in  the  Table; 

This  done,  if  we  conhder  how  the  Lines  do  fall  in  the  Fundamenta 
Diagram,'  we  may  there  fee  how  the  North  Pole  is  elevated  above  thi 
lower  Face,  and  the  South  Pole  above  the  upper  Face  of  the  Plane,  anc 
accordingly  make  choice  of  a  Center,  draw  the  Horizontal,  the  Meridi 
an,  the  Subflylar,  and  the  Hourd'nes,  and  fet  up  the  Style,  as  in  thi 
other  Planes.  * 


Latitude 

5 1 

3o 

Declinat. 

2  4 

20 

Inclinat. 

14 

20 

Ditf.  Merid. 

1 3 

27 

Dift.  Subft. 

12 

8 

Alt.  Styl. 

64 

0 

Ah.  Merid. 

66 

20 

TT  - 

Ang. 

Vo. 

Ar. 

Pla. 

Hours* 

Gr. 

M. 

Gr. 

M. 

6 

16 

33 

75 

6 

7 

6l 

31 

»8 

•>6 

8 

45 

33 

3c 

9 

U 

3 

18 

55 

10 

1 6 

33 

r4 

58 

11 

1 

33 

1 

25 

Merid. 

Subtly  1. 

1 2 

1 3 

27 

1 2 

8 

1 

28 

27 

*5 

57 

2 

43 

27 

40 

23 

3 

58 

27 

ss 

38 

4 

73 

27 

7L 

41 

1  5_ 

88 

27 

82 

J5 

A  third  Example  of  a  Plane  inclining  to 
the  Southward, 

If  in  our  Latitude  a  Plane  were  propofet 
declining  from  the  Vertical  24 gr.  20  mt  a 
before,  but  inclining  to  the  Horizon  1  qgr 
20  m .  Southward,  the  upper  Face  being  opei 
■  to  the  North- eaft>  the  lower  to  the  South 
weft,  this  Plane  fhall  be  there  reprefen:e( 
by  the  Circle  BKD,  eroding  theMeridiai 
in  the  point  f,  between  the  Equator  and  th 
Horizon,  and  the  proper  Meridian  of  thi 
Plane,  by  the  perpendicular  Ark  P  gy  It 
down  from  the  Pole  to  the  Plane,  near  th 
Hour  of  11,  at  the  North  part  of  theHe 
rizon,  as  may  partly  appear  by  themearel 
extent  of  the  Compares, if  the  Circle  BKI 
were  drawn  round?  and  the  two  Letters 
*  and^  fupplied. 

Then  in  the  Triangle  B  S  f,  knowing  th 
Side  B  S  the  Complement  of  the  Declina 
tion,  with  the  Angle  of  Inclination  to  th 
Horizon  at  B>  at  the  Right  Angle  at  S,  w 


in  a  Declining  Inclining  Time,  ss 

lay  find  S  f  the  Ark  of  the  Meridian  between  the  Horizon  and  the  Plane 
3  be  1 6  m.  And  therefore  P  /,  the  Ark  of  the  Meridian  between 
le  Pole  and  the  Plane  to  the  Southward  1 1  5  gr.  24  m*  but  6 4  gr.  5  6  w. 
3  the  Northward,  the  Angle  £  f  S,  or  D  /  N  or  the  Inclination  of  the 
lane  to  the  Meridian  will  be  found  84 gr*  gm.  and  B  /  the  Ark  of  the 
’lane  between  the  Horizon  and  the  Meridian  66 gr.  20  m. 

Again?  in  the  Triangle  P  gf\  knowing  the  Side  P  f  the  Ark  of  the 
jieridian  between  the  Pole  and  the  Plane,  with  the  Angle  of  Inclinati¬ 
on  to  the  Meridian  at  /,  and  the  Right  Angle  at  gy  the  Angle  fVg  of 
ie  Inclination  of  the  two  Meridians  will  be  found  to  be  13  gr.  27  m, 
nd  P£  the  Height  of  the  Pole  above  the  Plane,  about  <54  gr.  and  f  g  the 
)  fiance  of  the  Subftylar  from  the  Meridian  12  gr.Sm, 

Having  found  the  Height  of  the  Pole  above  the  Plane,  and  gathered 
rie  Angles  at  the  Pole,  the  Arks  of  the  Plane  from  the  Sulftylar  to  the 
iour-lines  will  be  found  as  in  the  Table. 

This  done*  if  we  confider  how  the  Lines  do  fall  in  the  Fundamen- 
ilDiagram,  we  may  there  fee  how  the  North  Pole  is  elevated  above  the 
ipper  Face,  and  the  South  Pole  above  the  lower  Face  of  this  Plane  ;  and 
ccordingly  make  choice  of  the  Center,  draw  the  Horizontal,  the  Meri- 
ian,  theSubftylar,  and  the  Hour-lines,  and  fet  up  the  Style,  as  in  the  for¬ 
mer  Planes* 


CHAP.  XL 


To  defer  the  the  Trojticks  ani  other  Circles  of  Declination  in  fin 

Equinoctial  Plane. 


^tlch  Circles  as  are  parallel  to  the  Equino&ial,  and  yet  fall  within  the 
3  Tropicks,  may  be  defcribed  on  any  Plane  by  help  of  thefe  Lines  of 
roportton,  but  after  a  different  manner,  according  as  the  Style  (hall  be 
ther  perpendicular  or  parallel  to  the  Plane,  or  cut  the  Plane  with  Ob* 
que  Angles. 

In  an  Equinoftial  Plane,  where  the  Style  is  perpendicular  to  the 
lane,  the  Tropicks  and  other  Circles  of  Declination  will  be  perfe&Cir- 
es:  Wherefore  confider  the  length  of  the  Style  in  Inches  and  parts,  and 
le  Declination  of  the  Circle  which  you  intend  to  deferibe  in  Degrees 
id  Minutes,  the  proportion  will  hold, 


! _ 


.<  the  Defer  ip  t  ion  of  the  Trepicks 

±  (H 

*  «»< 

lAt  the  Tangent  of  45  gr*. 
to  the  Length  of  the  Style : 

So  the  CQ~tang>eni  of  the  Parallely 
-  to  the  SemUUmeter  of  his  Circle* 

Suppofe  the  Length  of  the  Style  above  the  Plane  to  be  10  Inches,  an 
that  it  were  required  to  find  the  Semidiameter  of  the  Tropick,  who 
Declination  is  known  to  be  2  ]gr.  10  m.  Extend  the  Compares  frpi 
the  Tangent  of  45^.  unto  the  Tangent  of  66 gr.  30  m.  the  fame  extei 


-  will  reach  in  the  Line  of  Numbers  from  -io  unto  23,  which  fiicws 
Semidiameter  of  the  Tropick  to  be  23  Inches.  So  if  the  Declinatior 
20 gr.  the  Semidiamer  will  be  27  Indies  47  cent .  if  1  $  gr.  then  37*  3 
if  10  gr.  then  $6.71;  if  $gr.  then  114.  305:  and  fo  in  the  reft. 
Or  if  it  were  required  to  proportion  the  Style  to  the  Plane, 


and  Cycles  of  Declimtml  ** 

'trfs  the  Tangent  of  ^  gr.  . 

V  to  the  Tangent  of  the  Declination : 

So  the  Semidiameter  of  the  Planet 
to  the  Length  of  the  Style . 


As  if  the  Semidiameter  of  the  greateft  Parallel  upon  the  Plane  were 
but  fix  Inches,  and  that  Parallel  fhould  be  the  fifth  Degree  of  Declinati¬ 
on;  extend  the  Compares  from  the  Tangent  of  45  gr .  unto  the  Tangent 
of  5  gr*  the  fame  extent  will  reach  in  the  Line  of  Numbers  from  6 .  ®o 
unto  about  o.  5  3,  which  fhews  that  the  length  of  the  Style  muft  be  5? 
parts  of  an  Inch  divided  into  100  :  Then  the  length  of  the  Style  being 
known,  the  Semidiameter  of  the  other  Circles  will  be  found  as  before. 

I  begin  here  with  the  fifth  Parallel,  and  thence  proceed  unto  the  Fro- 
pick,  becaufe  the  Shadow  of  the  reft  near  the  Equinoblial  would  be 
over-long,  and  the  Equino&ial  it  felf  cannot  be  defcribed.  The  Paral* 
Ids  of  North  Declination  are  to  be  fet  on  the  North  Face,  and  the  Paral¬ 
lels  of  South  Declination  on  the  South  Face  of  the  Plane.  Neither  need 
Ithefc  Parallels  to  be  drawn  in  full  Circles,  butonely  to  the  Horizontal 
Line,  which  fhall  be  defcribed  in  Chap,  18. 

Having  by  thefe  means  fet  up  the  Style  to  its  true  Height,  and  drawn 
khe  Circles  of  Declination,  if  we  fhall  place  the  Plane  fo  as  it  fhall  make 
an  Angle  with  the  Horizon  equal  to  the  Complement  of  the  Latitude, 
land  then  turn  it  until  the  top  of  the  Style  caftthe  Shadow  upon  the  Pa¬ 
rallel  of  Declination  belonging  to  the  Time,  the  Meridian  of  the  Plane 
will  (hew  the  Meridian  of  the  Place,  and  the  Shadow  of  the  Style  the 
Hour  of  the  day,  without  the  help  of  a  Magnetical  Needle. 


CHAP.  XII. 

1  ,  •  «  * ' 4  .  y  •-■••••  •  .  ■ « *  • 

To  defer ibe  the  T ropickj  ami  other  Circles  of  Declination  in  a 

CPolar  Plane .  f 

IN  all  Polar  Planes,  whether  they  be  parallel  to  the  Meridian,  or  to  the 
Circles  of  the  Hour  of  6 ,  or  otherwife  declining,  the  Equinoiftial 
'  will  be  a  Right  Line,  but  theTropicks  and  other  Circles  of  Declination 
ij  will  be  Se<ftion$  Hyperbolical,  and  be  thus  defcribed. 

Confider  the  length  of  the  Style,  the  Declination  of  the  Parallel,  and 

Hhh  the 

I  ■  .  '  / 


j8  The  Defcriptiott  of  the  tropkks 

lhe  Angle  at  the  Pole  between  the  Subftylar  and  the  Hour-line,  wherjon 
you  mean  to  deferibe  the  Parallel.  ,  ,  f 

If  you.  would  find  where  the  Parallels  do  crols  the  Subftylar, 


t/ts  the  Tangent  of^fgr* 

to  the  Tangent  of  ‘Declination  : 

So  is  the  Length  of  the  Style , 

to  the  Difiance  of  the  parallel  front  the  JEquinoSHaL 


As  in  the  Example  of  the  Polar  Plane,  where  the  length  of  the  Sty 
B  C  was  found  to  be  i  Inch  61  cent.  If  you  defire  to  know  the  Man 
between  the  Equinoaial  and  the  Tropick  upon  the  Subftylar  Line,  e. 
tend  the  Compaffes  from  the  Tangent  of  4^  unto  the  Tangent 
2?  n.  20  m.  the  fame  extent  will  reach  in  the  Line  of  Numbers  fro 
i.fi  unto  0.70;  and  therefore  the  diftance required  is  70  parts  oft 
Inch  divided  into  100.  The  like  reafon  holdeth  for  all  other  Parall 

of  Declination  eroding  the  Subftylar.’  ,  c 

But  if  you  would  find  where  the  Parallels  do  crols  any  other  ol  t 

Hour-lines,  firft  find  the  diftance  between  the  Axis  of  the  Style  and  t 
^Hour-line,  then  the  diftance  between  the  Equinoaial  and  the  ParalK 

Both  thefe  may  be  reprefented  in  this  manner,  ....  .  . 

On  the  Center  B,  and  any  Semidiameter  B  D,  delcribe  an  occult  A 
of  a  Circle,  and  therein  inferibe  a  Chord  of  23  gr.  gow.from  D  ui 
T,  with  fuch  other  intermediate  Declinations  as  you  intend  to  deicr 
on  the  Plane ;  fo  the  Line  B  D  fhallbe  the  Equator,  and  B  T  theTi 

1  •  -  ~  )  pi 


and  circles  of  Declination^ 

»ck,  and  the  other  intermediate  Lines  the 

Lines  of  Declination. 

That  done,  confider your  Plane,  which 
'or  example  may  be  either  the  Meridian  or 
he  Declining  Polar  Plane ;  wherein  ha¬ 
ling  drawn  both  the  Equator  and  the 
Hour-lines  as  befpre  ,  firft  take  out  the 
Height  of  the  Style, and  prick  that  down  in 
his  Equator  from  B  unto  C  ;  then  taking 
out  all  the  Diftances  between  B  the  top  of 
the  Style,  and  the  feveral  Points  wherein 
the  Hour-lines  do  crofs  the  Equator,  tranl- 
fer  them  into  this  Equator  B  D  from  the 
Center  B ,  and  at  the  terms  of  thefe  Ui- 
ftances  ereft  Lines  perpendicular  to  the 

Equator,-  eroding  the  Lines  ef  Declination, 

and  note  them  with  the  Number  of  the 
Hour  from  whence  they  were  taken:  1© 
thefe  Perpendiculars  fhall  represent  toe 
Hour-lines,  and  the  feveral  Diftances  be- 
tween  the  Equator  artel  the  Lines  o  e 
clination  fhall  give  the  like  Diftances  be¬ 
tween  the  Equator  and  the  Parallels  of 

Declination  upon  your  Plane.  Upon  this 
ground  it  followeth, 

To  find  the  difiance  between  the  Axis  and  the  Hour-lines, 

i  i 

As  the  Co-fine  of  the  Hour  firm  the  SubftyUr, 
is  to  the  Sine  of  9°  gr»  ' 

So  the  length  of  the  Style 9  ,  y~  r 

to  the  difiance  between  the  tAxit  and  the  Hour  rfe* 

'■*r  w  .  ,  ' 

As  if  in  the  former  Example  of  the  Meridian  Plane,  where  BCthJ 

,  .  , l  r  _l„  crvle  is  fuoDofed  to  be  10  Inches,  it  were  required  to  find 
height  of  the  Style  is  luppoieo  >  wherein 

the  diftance  between  B  to  the  top  of  the  Style,  and  ttve  poi  ^ 

the  Hour  of  1 1  in  the  Moriting  doth  crofs  the  Equator,  i  f 

S,Sb,  B5  bccle  i.  is  .be  Si*  f b  >>  "j 
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the  Complement  of  the  fifth  Hour  from  the  Subftylar,  unto  the  Sum  0 
,a0  {r.  the  fame  extent  will  reach  from  10.00  in  the  Line  of  Numbers 
unto  38.64;  and  therefore  the  diftance  B5,  between  the  Axis  and  th 
Hour-line,  is  38  Inches  and  64  cent,  and  may  be  called  the  Secant  of  tn 
Hour.  Then  in  the  Reftangle  B  J  T,  having  the  Side  By,  and  the  Ac 
gle  of  Declination  at  B, 


To  find  the  difiance  between  the  EqmncttUl  and  the  Parallel 


&4s  the  Tangent  of  4?  gr. 

to  the  Tangent  of  the  Declination, 

So  the  diftance  between  the  Axis  and  the  Hour  line, 

to  the  difiance  between  the  Equinottial  and  the  Parallel 


Sxtend  the  Com paffes  from  the  Tangent  of  45  gr*  unto  theTanget 

of  2  3  £r*  the  Decimation  of  the  Tropick  ,  fo  the  fame  extent  wi 

®  rcac 
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and  Circles  of  Declination.  .  ** 

reach  in  the  Line  of  Numbers  from  38. 64  the  diftance  between  the  Axis 
andche  fifth  Hour-line,  unto  16.80;  and  therefore  the  diftance  is  16 
Inches  and  %ocent*  The  like  reafon  holdeth  for  all  the  reft,  which  may 
be  gathered,  and  fee  down  in  fuch  a  Table  as  this  which  foiloweth. 

Wherein  1  have  fee  down  the  Diftances  for  feveral  Declinations,  for 
I II  gr.  30  m.  for  16  gr.  55  m.  for  20 gr.  12  w.for  21  gr.  41  m.  and  for 
the  Declination  of  theTropick  23  gr .  3©  m.  which  may  be  applied  to  the 
|  like  Declinations  in  all  Meridian  and  direct  Polar  Planes. 

As  in  the  former  Example  of  the  Polar  Plane,  where  B  C  the  height 
of  the  Style  is  found  to  be  1  Inch  6 1  cent .  if  it  were  required  to  find  the 
diftance  between  B  the  top  of  the  Style,  and  the  Points  wherein  the 
!  Hou^* lines  of  7  in  the  Morning  or  5  Afternoon  do  crofs  the  Equator 
!  (which  diftances  I  called  the  Secants  of  thofe  Hours)  either  you  may  ex- 
tend  the  Compares  from  the  Sine  of  1 5  gr.  the  Complements  of  the 
!  Hour  from  the Subftylar)  unto  the  Sine  of  90 gr.  {o  the  fame  extent  will 
reach  in  the  Line  of  Numbers  from  1.61  the  length  of  the  Style,  unto 
|  6.  2 1  ,  according  to  the  former  Canon.  Or  elfe  you  may  make  ufe  of  the 
following  Table,  extending  the  Compares  in  the  Line  of  Numbers  from 
j  10. 00  the  length  of  the  Style  in  the  Table,  unto  i«  61  the  length  of  the 
Style  belonging  to  your  Plane  ,  fo  the  fame  extent  fhall  reach  from 
the  Secant  in  the  Table,  unto  6.  21,  and  fuch  is  your  Secant  required, 
the  diftance  between  the  top  of  the  Style  and  the  point  of  Interfedfion, 
wherein  the  fifth  Hour-line  from  the  Subftylar  doth  crofs  the  Equator. 

Again,  the  fame  extent  will  reach  from  16,  80  the  diftance  in  the 
Table  belonging  to  the  fifth  Hour-line  between  the  Equator  and  the  Pa¬ 
rallel  of  1  igr.  30  m.  declination,  unto  2.70  for  the  like  diftance  upon 
your  Plane  5  and  fofor  the  reft,  which  maybe  gathered,  and  fee  down 
in  a  Table, 
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Infill. 

Infin. 

rnfin. 

1  Infin. 

infin. 

Infin. 

Infin. 

TheTangents  and  Secants  in  the  third  and  fourth  Columns  of  this  Ta¬ 
ble  are  taken  out  of  the  Tables  of  the  Natural  Tangents  and  Secants,  ac¬ 
cording  to  the  Degrees  and  Minutes  that  are  in  the  fecond  Column  of 

,  if  you  would  draw,  the 
le,  and  take  70  cent,  out 
of  the  Line  of  Inches,  and  prick  them  down  in  the  Subftylar,  on  either 
fide  of  the  Equator,  and  fa  71  cent,  on  the  firft  Hour,  and  80  on  the 

fecond 


this  Table. 

That  done,  and  the  Equator  drawn  as  before 
in  the  Polar  Plane,  look  into  the  Tab1 
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and  Circles  of  Declination*  6  3 

fecond  Hour,  and  2  Inches 
rjo  cent,  to  the  fifth  Hoar 
fr©m  the  Subftylar  ,  and 
the  reft  of  thefe  Diftances 
on  their  feveral  Hour- lines* 
and  then  draw  a  crooked 
L;ne-  through  all  thefe 
Points,  fo  as  it  makes  no 
Angles,  the  Line  fo  drawn 
(hall  be  the  Tropick  required.  In  like  manner  you  may  draw  any  other 

Parallel  of  Declination. 
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CHAP.  XIII. 

To  defcribe  the  Tropicfy,  and  ether  Circles  of  Declinatlony  in  fnch  a  Plane 

as  is  neither  Equine  ft  ial  nor  Polar. 

TN  Planes  neither  Equinoftial  nor  Polar,  the  Equator  will  be  a  Right 
1  Line,  the  Tropicks  and  other  Parallels  of  Declination  will  be  Conical 
Miens,  feme  of  them  parabolical,  fome  eliptical ,  but  moft  of  them 

^Tffind  the  Points  of  Interfeaion  of  thefe  Parallels  with  the  Hour- 

lines,  we  are  to  confider,  .  _  ,  ,  * 

Firft,  The  length  of  the  Axis  of  the  Style  in  Inches  and  parts  or 

Secondly,  The  height  of  the  Style  above  the  Plane.  ; 

Thirdly  ,  The  Angles  at  the  Pole  between  the  proper  Meridian  and  the 

H°Thefe  being  known,  willheTp  us  co  find,  firft,  the  Angle  between  the 
Axis  and  the  Hour-lines  on  the  Plane  ;  and  then  the  diftance  between  the 
Center  and  the  Parallels.  Both  thefe  may  be  reprefented  m  this  manner, 
Let  the  Triangle  A  B  C  be  made  equal  to  the  Style  belonging  to  your 
Plane,  A  C  theSubftylar,  B  C  the  Axis  of  the  Style,  A  B  the  length  of 
the  Style  perpendicular  to  the  Plane.  Then  haying  drawn  the  Line  B  D 
perpendicular  to  the  Axis  on  the  Center  B,  and  any  Scmiiametcr  , 
defcribe  an  occult  Ark  of  a  Circle,  and  therein  infcnbe  a  Chord  of  23  gr. 
30  m.  from  D  unto  T,  on  either  fide  of  the  Line,  with  fuch  other  intei - 
mediate  Declinations  as  youintend  to  defcribe  on  the  Plane , 


/ 
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i\  '  7  .  •-  .  '  .  v  v  '  y  ,  *  .  .  •  v  *  ^ 

oendicular  B  D  fhallbethe  Equator,  and  B  T  the  Tropicks,  and  the 
other  intermediate  Lines  the  Parallels  ©f  Declination.  Wherefore  you 
may  take  out  the  diftance  C  V  from  the  Center  to  the  Equator,  and  prick 
it  down  on  the  Subftylar  of  your  Plane  from  the  Center  at  C  unto  V  j 
(o  the  Line  drawn  through  Y ,  perpendicular  to  yout  Subftylar,  Ihall  be 

the  Equator  of  your  Plane.  f.  .  ,  n  • 

That  done,  take  the  diftance  of  each  Hour  line  between  the  Center 

and  the  Equator  of  your  Plane,  and  prick  them  down  in  the  Equator  ot 
this  Figure,  from  the  Center  at  C,  noting  the  place  where  they  crols  the 
Equator >with  the  Number  belonging  to  the  Hour,  and  drawing  the  Hour¬ 
lines  from  C,  through  the  Lines  of  Declination, 

Or  having  the  Senior ,  you  may  draw  an  occult  Line  C  c,  perpendi¬ 
cular  to  the  Axis  B  C,  and  therein  prick  down  the  Tangent  of  the  height 
of  the  Style  above  the  Plane,  from  C  unto  E :  Then  draw  the  Line  E  F 
parallel  ccnhe  Axis,  croffingthe  Subftylar  produced  m  the  point  F;  this 


i 
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Line  E  F  will  be  the  Line  of  Sines  upon  the  Se<ftor,  and  therein  you  may 
prick  down  the  Sines  of  the  Complement  of  the  Angles  at  the  Pole  from 
E  to  ward  p*  and  draw  the  Hour-lines  by  thofe  Points  through  the  Lines 
of  Declination  5  fo  the  Angles  at  C,  between  the  Axis  B  C  and  thofe 
Hour-lines,  fhall  be  the  Angles  between  the  Axis  of  your  Style  and  the 
Hour*  lines  in  your  Plane  ;  and  the  feverai  Diftances  between  the  Point  C 
and  the  Lines  of  Declination,  fhall  give  you  the  like  Diftances  between 
the  Center  and  the  Parallels  of  Declination  upon  the  Hour-lines  in  your 
Plane.  Upon  this  ground  it  folio  weth, 

i*  To  proportion  the  Style  unto  the  Plane . 

Confider  the  height  of  the  Style  above  the  Plane,  and  the  length  of 
the  Subftylar  between  the  Center  and  the  Place  which  you  intend  for  the 
Tropick.  If  it  be  the  Tropick  which  is  fartheft  from  the  Center,  add 
1 1  }gr*  3°  if  the  nearer  Tropick,  add  66  gr.  %om.  unto  the  height  of 
the  Style,  the  Remainder  unto  i8©.gr.  fhall  give  you  the  Altitude  of  the 
Sun  above  the  Plane,  when  he  cometh  to  that  Tropick*  As  in  our  Lati¬ 
tude,  the  height  of  the  Style  above  an  Horizontal  Plane  is  5 1  gr.  30  m* 
add  unto  this  1i3.gr.  30  m.  the  fum  is  1 65  gr.  which  being  taken  out  of 
1 80 gr,  the  remainder  will  be  and  fuch  is  the  Altitude  of  the  Sun 

above  this  Plane  when  he  cometh  to  be  in  the  Winter-Tropick  :  But  if 
you  add  66  gr.  30  m.  unto  51  gr.  30  m.  the  remainder  to  i8o.gr.  will 
j  be  62  gr.  And  fuch  is  the  Altitude  of  the  Sun  in  the  Summer-Tropick, 

!  Then,  * 

As  the  Sine  of  66  gr.  3°  m.  ' 

to  the  Sine  of  the  Suns  e Altitude  :  ? 

So  the  Length  of  the  Subftylar  Liney 
to  the  Length  of  the  Axis  of  the  Style . 

I .  -  •  j 

As  in  the  fir  ft  Examples  of  the  Declining  Vertical,  where  the  height 
of  the  Style  was  found  to  be  34.gr.  3  3  m.  and  is  here  reprefented  before, 
j  p*g .  3 ! .  by  the  Angle  BC$;  add  to  this  height  1 1 3  gr.  30  m.  for  the 
Angle  CB  S,  the  fum  will  be  148.gr.  3  m.  and  the  remainder  to  180.gr. 
will  be  3 1  gr.  57  nt .  and  fuch  is  the  Angle  B  SB  C  of  the  Altitude  of  the 
Sun  above  the  Plane,  when  he  cometh  to  be  in  the  Tropick  of  which  is 
here  the  fartheft  Tropick  from  the  Center. 

Then  fuppofing  the  length  of  the  Subftylar- line  between  the  Center 

I  i  i  ,  and 
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and  the  Place  which  is  fit  for  the  fartheft  Tropick,  to  be  about  21  Inches 
tend  the  Compaffes  from  the  Sine  of  66  gr.  30  m.  unto  the  Sine  of  3 


cx 


57  m.  the  fame  extent  will  reach  in  the  Line  of  Numbers  froin  21  unt 


12.11,  and  fo  the  length  of  the  Axis  of  the  Style  (houid  be  1  zinch.i  l  cm 
Or  it  may  fufhce  to  make  it  juft  1 2  Inches,  as  a  more  eafic  ground  for  tl 


But  if  it  were  required  to  proportion  the  Style  unto  the  Plane,  fo  as 
may  caft  the  Shadow  to  the  full  length  of  the  Subftylar-lme  at  all  times  < 
the  Year,  you  may  then  confider  theSun  in  the  Tropick, which  is  to  be 
*nto  the  Center,  and  add  66grf  30  m%  unto  34 
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emainder  unto  180 gr.  will  be  78 £r-  57  m-  A"d 
Compaffes  from  the  Sine  of 66gr.  jow.unto  the  Sine  of  78/r.  57  m. 
:he  fame  extent  will  reach  in  the  Line  of  Numbers  from  2i  unto  2,  47 
For  the  length  of  tfee  Axis  of  the  Style. 

a.  Having  the  length  of  the  Axis ,  and  the  height  of  the  Style  above  the 

*  Haney  to  find  the  length  of  the  Sides  of  the  Style. 

The  Style  of  a  Plane  neither  Equino&ial  nor  Polar,  may  be  either  a 
fmall  Rod  of  Iron  fet  parallel  to  the  Axis  of  the  World,  or  perpendicu- 
U?  to  the  Plane,  or  elfe  a  thin  Plate  of  Iron  or  Brafs,  made  in  form  of  a 
Rediangle  Triangle  B  A  C,  with  the  Bafe  B  C  parallel  to  the  Axis  of  the 
World,  the  Side  A  B  perpendicular  to  the  Plane,  and  the  Side  AC  the 
fame  with  the  Subftylar-line ;  wherein  knowing  BC,  and  the  Angle 

BAC, 

the  Sine  of  90  gr, 
to  the  Length  of  the  &Axis ' 

So  the  Sine  of  the  Height  of  the  Style, 
to  the  Length  of  the  Perpendicular  Side  : 

And  fo  the  Co  fine  of  the  Height  of  the  Style , 
to  the  Length  of  the  Sub  fey  Ur  fide. 

Thus  in  the  former  Example,  the  length  of  the  Axis  being  (uppofed  to 
be  t  a  Inches,  and  the  height  of  the  Style  34  gr.J  3  *»•  Extend  the  Com- 
paffes from  theSineof  9°&r-  (or  elfe  from  the  Sineof  5  ?r.  45  «.)unto 
1  a  in  the  Line  of  Numbers,  the  fame  extent  will  reach  from  the  Sine  of 
34  #r.  23  w*.  unto  6. 80  in  the  Line  of  Numbers,  for  the  length  of  the 
perpendicular  Side  j  and  from  the  Sine  of  55  f  *7  w.unto  j?.88  for  the 
length  of  the  Subftylar  hde.  , 

3.  To  find  the  Dift/mce  between  the  Center  and  the  Equator  upon  the  Sub - 
feylar  Line. 

This  is  here  reprefented  by  C  T,  and  may  be  found  by  refolving  die 
Reftangle  Triangle  C  B  T« 

As  the  Sine  of  the  Height  of  the  Style , 
is  to  the  Sine  of  90  gr. 

So  the  Length  of  the  Axisy 

To  the  Difiance  of  the  Equator  from  the  Center . 

I  i  i  2  mccnu 


£§  The  'Defcriptm  of  the  Troficks 

Extend  the  Compares  from  the  Sine  of  55  gr-  *7  ”*■  unto  the  Sine  of 
90  tr.  the  fame  extent  will  reach  in  the  Line  of  Numbers  from  1  2  unto 
14  17.  Wherefore  if  you  take  14  inch*  57  cent,  and  pricking  them 

down  on  your  Subftylar  line  from  C  unto  Y,  draw  a  Line  through  Y, 

eroding  the  Subftylar  at  Right  Angles,  the  Line  fo  drawn  lb  all  be  the 
Equator. 

4.  To  find  the  Angles  contained  between  the  Equator  and  the  Hour ‘lines 
upon  your  Plane, 

Thefe  Angles  made  by  T  and  the  Hour-lines  are  Complements  of  thofe 
which  are  at  C,  between  B  C  the  Axis  and  thofe  feveral  Hour-lines,  and 
depend  upon  the  Angles  at  the  Pole,  between  the  proper  Meridian  and  the 

Hour-circles, 


As  the  Sine  of  90  gr. 

to  Co-fine  the  tAngle  at  the  Pole  z 
So  the  Co-tangent  of  the  Height  of  the  Style , 

to  the  Tangent  of  the  Angle  between  the  Equator  and  the  Hour-line. 

In  our  Example  the  Height  of  the  Style  is  34^-33  ».  and  the  proper 
Meridian'falleth  to  be  the  fame  with  the  Circle  of  the  fecond  Hour  ate 
Noon  ;  whereupon  the  Angle  at  the  Pole,  between  this  proper  Meridian, 
and  the  Circles  of  the  Hour  of  .1  on  the  one  fide,  and  3  on  the  other  fide, 
will  be  1  y  gr.  So  between  this  Meridian  and  the  Hour-circles  of  10  ant 
4.  the  Angle  will  be  30  gr.  &c.  as  in  theTable, 
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If  then  it  be  required  to  find  the  Angle  which  the  Hour-line  of-  4 ■  afo 
.oon  doth  make  with  the  Plane  of  the  Equator,  that  is  the  Angle 


and  Circles  of  Declination*  &9' 

mtained  between  the  Hour-line  C  4  and  the  Line  B  4,  drawn  from  the 
>p  of  the  Style  unto  the  Interfettion  of  the  Hour-line  of  4  with  the 

^Extend  the  Compares  from  the  Sine  of  90 gr.  unto  the  Sine  of  60  gr'. 
ie  Complement  of  the  Angle  at  the  Pole,  the  fame  extent  will  reach  from 
ie  Tangent  of  55  gr.  27  m.  the  Complement  of  the  height  of  the  Pole, 
nto  the  Tangent  of  51  gr.  30*0,  and  fuch  is  the  Angle  C  4  B  in  the 

Or  in  Crofs-work,  if  it  were  required  to  find  the  Angle  C  9  B,  look 
nto  the  Table  for  the  Hour  *>f  9,  and  there  you  fhall  find  the  Angle  at 
he  Pole  to  be  75  gr.  and  if  you  extend  the  Compares  from  the  Sine  of 
gr.  unto  the  Tangent  of  5  5  gr*  *7  the  fame  extent  will  reach  from 
heSineof  1  $gr.  the  Complement  of  75  gr.  unto  the  Tangent  of  20  gr. 

5 6  m.  and  fuch  is  the  Angle  C9B,  made  at  the  Equator  between  the 
Line  B  9,  drawn  from  the  top  of  the  Style,  and  the  Hour- line  C  9,  drawn 
from  the  Center*  The  like  reafon  holdeth  for  the  reft,  which  may  be 
found  and  fet  down  in  a  Table :  Then  may  you  either  draw  thefe  Angles 
at  C  in  the  former  Figure  more  perfettly,  and  thence  finifh  your  Work, 
orelfe  proceed, 

5.  To  find  the  Difiance  between  the  Center  and  the  Parallels  of  De- 
clination. 

The  Diftances  between  the  Center  and  the  Parallels  of  Declination 
may  be  found  by  refolving  the  Triangles  made  by  the  Axis  B  C,  the  Lines 
of  Declination,  and  the  Hour-lines.  For  having  the  Angles  at  the  Equa¬ 
tor,  and  knowing  the  Declination  ©f  the  Parallel,  if  the  Parallel  fhall 
fall  between  the  Equator  and  the  Center,  add  the  Declination  unto  the 
I  Angle  at  the*Equatori  or  if  it  fhall  fall  without  the  Equator,  take  the 
1  Declination  out  of  the  Angle  at  the  Equator,  fo  fhall  you  have  the  Angle 
at  the  Parallel.  Then, 


As  the  Sine  of  the  Angle  at  the,  Parallel , 
to  the  Co-fine  of  the  ‘Declination : 

So  the  length  of  the  Axis  of  the  Style , 

to  the  Di fiance  between  the  Center  and  the  Parallel ..  • 


Thus  in  our  Example, the  Angle  at  the  Equator  belonging  to  the  Hour 
o£  4  after-noon  was  found  before  to  be  J  i  gr,  39  if  you  would  find 


The  Defcription  of  the  Tropicks 


the  diftance  between  the  Center  and  the  Equator,  extend  theCompaft 
from  the  Sine  of  ^tgr.^om.  unto  the  Sine  of  90  gr.  the  Complemen 
of  the  Declination,  the  fame  extent  will  reach  in  the  Line  of  Numbei 
from  12  unto  15.  33,  and  fuch  is  the  diftance  upon  the  Hour-line  of  , 

between  the  Center  and  the  Equator. 

If  you  would  find  the  diftance  upon  this  Hour-line  between  the  Centc 
and  the  inner  Tropick,  whofe  Declination  is  known  to  be  23 gr.  50  n 
add  the  Declination  to  the  Angle  at  the  Equator,  fo  the  Angle  at  the  Pa 
rallel  will  be  7  5  gr .  wherefore  extend  the  Compares  from  the  Sine  of  7  Sgi 
unto  the  Sine  of  66 gr ,30  m.  the  Complement  of  the  Declination,  th 
fame  extent  will  reach  in  the  Line  of  Numbers  from  1 2  unto  1 1. 40,  an 
fuch  is  the  length  of  the  Hour-line  of  4  between  the  Center  and  the  Trc 


^lVlV  SJL  ¥ y  •  f  •  1  f  • 

If  you  would  find  the  diftance  upon  this  Hour-line  between  thisCer 
ter  and  the  Tropick  of  SB,  which  is  here  the  fartheft  from  the  Cente 
take  the  Declination  cut  of  the  Angle  at  the  Equator,  fo  the  Angle  at  d 
parallel  will  be  38  gr.  wherefore  extend  the  Compares  from  the  Sine  < 
28  unto  the  Sine  of  66  gr.  30  m .  the  fame  extent  will  reach  in  the  Lii 
of  Numbers  from  12  unto  23.44,  and  fuch  is  the  diftance  between  tl 
Center  and  Tropick  of  $  upon  this  Hour-line  of  4.  The  like  reafc 
'  holdeth  for  all  the  reft,  which  may  be  gathered  and  fee  down  in  a  Tabl 

That  done,  and  the  Equator  drawn  as  before,  if  you  would  draw  tl 
Tropick  of  s,  look  into  the  Table,  apd  there  finding  under  the  Tit 
C  $  the  diftance  of  the  Subftylar  between  the  Center  and  the  Parallel 
s  co  be  20  inch.  80  cent,  take  20  inch.  80  cent,  out  of  the  Line  of  Inch 
and  prick  them  down  in  the  Subftylar  of  your  Plane  from  C  unco  s. 

Or  if  either  the  Center  fall  without  your  Plane,  or  the  extent  be  t< 
large  for  your  Compares,  you  may  prick  down  the  difference  betwei 
C  T  and  C  $  :  As  here  the  diftance  C  y  between  the  Center  and  t 
Equator  is  14.  57,  the  diftance  C  s  20.  80,  the  difference  6. 23.  Thei 
fore  taking  y  6  inch.  23  cent,  prick  them  down  on  the  Subftylar  from 
unto  $,  and  you  fhall  have  the  fame  Inter feeftion  of  the  Tropick  ai 
the  Subftylar  as  before  :  And  the  like  reafon  holdeth  for  pricking  dov 
of  the  reft  of  thefe  Diftances  on  their  feveral  Hour-lines. 

Then  having  the  Points  of  Interie&ion  between  the  Hour-lines  and  t 
Parallel,  you  may  joyn  them  all  in  a  crooked  Line,  without  making 
any  Angles,  the  Line  fo  drawn  (hall  be  the  Tropick  required.  And  afi 
this  manner  you  may  draw  any  other  Parallel  of  Declination,  wher( 
you  have  Examples  in  moft  of  the  former  Diagrams. 

C  H  A 


4nd  circles  of  Decimation 


71 


CHAP.  XIV. 

To  defcribe  the  Parallels  of  the  Sines  in  any  of  the  former  Planes. 

1"'He  Equator  and  the  Tropicb  before  defcribed  do  {hew  the  Suns  en- 
1  trance  into  4  of  the  Signs ;  the  Equator  into  T  and  «,  the  one 

'ropick  into  SB,  and  the  other  into  Vf  :  The  reft 

igns  will  be  defcribed  in  the  fame  manner  as  the  Tropicks, if  firft  we  know 

* The  manner  of  finding  the  Declination,  not  onely  of  the  beginning 
,f  the  Signs,  but  all  other  Points  of  the  Echptick,  is  before  fet  do 
1  Prof.  Aftronomital,  by  which  you  may  find  the  Deton  of  to 
-inning  of  »,  m,  and  *1 ,  X  to  be  1  igr.  30  *»•  and  of  ft,  A  - J  ““"J 
:o  be  20  gr.  11m.  If  then  you  mfcribe  the  Chords  0  . 

)f  20  gr.  12  m,  into  the  former  Figure  BDT, pag* ? fhTfbc 
I,  the  Lines  drawn  from  B  through  the  Terms  of  th®fe  Chords  fhall  be 


;he  Signs  required, 
ith 


And  with  thefe  Declinations,  the  height  of  the  Style,  andthelengh 
,f  the  Axis,  you  may  find  the  Angles  at  the  ParalW.  and  then  the  Dr- 
Unces  between  the  Center  and  the  Parallel,  whic  eing  pr  ■ 

non  the  feveral  Hour-lines,  lhall  give  you  the  Points  of  Interfearon  by 
Jhich  you  may  draw  the  Parallels  of  theSigns,  as  in  the  Figures  belong 

ng  to  the  Polar  Planes; 


C  H  AP.  XV. 

To  defcribe  the  Parallels  of  the  length  of  the  Bay  in  any  of  the 

former  Planes, 

nHe  length  of  the  Day  will  always  be  12  '  a^tudes" 

rometh  to  be  in  the  Equator,  and  this  holdeth  in  all  Latitudes . 

tat  other  times  of  the  Year  the  fame  place  of  the  Sun  will  not  ^ive  *! 

ne  length  of  the  Day  in  another  Latitude  j,  wherefore  the  Latitude 

g  known,  we  are  firflj 

n 


0  o 


U\-  . 
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Hr  Mels  ef  the  length  of  the  Day* 

\  v 
To  find  the  Declination  of  the  Sun  agreeing  to  the  length  of  the  Day, 


Confider  the  difference  between  the  length  of  an  Equino&ial  day,  an 
the  day  propofed,  and  turn  the  time  into  Degrees  and  Minutes* 


As  the  Sine  of  90  gr. 

is  to  the  Sine  of  half  the  difference  : 

So  the  Co- tangent  of  the  Latitude, 
to  the  Tangent  of  the  Declination . 

As  if  the  length  of  the  Day  propofed  were  15  Hours,  the  differed 
between  this  and  an  Equinottial  Day  (whole  length  is  always  1  z  Hour: 


£ 


would  be  three  Hours(which  make  45  gr.)and  the  half  difference  is 
3©  m.  Wherefore  extend  the  Compares  from  the  Sine  of  90  gr,  unto  t 
Tangent  of  30*0.  the  Complement  of  the  Latitude)  the  fame  t 
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Parallels  the  length  of  the  V&y.  75 

tent  will  reach  from  the  Sine  of  22  gr.  30  m.  unto  the  Tangent  of  l&gr* 
5  5 1».  for  the  Declination  of  the  Sun  at  fiich  time  as  the  length  of  the 
Day  is  either  p  or  15  Hours ;  and  from  the  Sine  of  jo  gr.  unto  the  Tan¬ 
gent  of  2 1  gr.  40  m.  for  the  Decimation  belonging  to  8  or  1 6  Hours ;  and 
from  the  Sine  of  I  $gr.  unto  the  Tangent  of  H  gr.  33  m.  for  the  Decli¬ 
nation  belonging  to  io  or  14  Hours;  and  from  the  Sine  ot  7 gr.  30  m. 
unto  the  Tangent  of  5  gr*  56  m.  for  the  Declination  of  the  Sun  when  the 
length  of  the  Day  is  either  1 1  or  13  Hours. 


If  then  youinferibe  the  Chords  of  thefe  Arks  into  the  foi F '£ur^ 
B  DT,  the  Lines  drawn  from  B  through  the  Terms  of  thefe  Arks  ihall 

y.  -r)-  1  1  be 


K  k  k 


vnequd  fknewy  Brnte* 

be  the  Lines  belonging  to  the  Diurnal  Arks,  and  the  feveral  Diftances 
between  them  and  the  Point  C,  give  the  like  Diftances  between  the  Cen¬ 
ter  and  the  Parallels  of  the  length  of  the  Day  upon  the  Hourdines  in 

/  your  Plane.  '  . 

Or  comparing  thefe  Angles  of  Declination  with  the  Angles  at  the 

Equator,  you  may  have  the  Angles  at  the  Parallel,  and  then  find  the 
Diftances  between  the  Center  and  the  Parallel,  which  being  pricked  down 
upon  the  feveral  Hour-lines,  fhall  give  you  the  Points  of  Inter  fe<ftion,  by 
which  you  may  draw  the  Parallels  of  the  length  of  the  Day ,  whereof 
you  havt  another  Example  in  the  Diagram  belonging  to  an  Horizontal 
Plane  in  Chap ♦  4.  And  by  the  fame  reafon  you  may  draw  the  Parallels 
of  thofe  Circles  to  which  the  Sun  is  Vertical,  the  Parallels  of  the  princi¬ 
pal  Feaft,  or  what  elfe  depends  on  the  Declination  of  the  Sun. 


CHAP.  XVI. 


To  draw  the  Old  Vnequal  Hours  in  the  former  Plane /; 

IT  was  the  manner  of  the  Ancients  to  divide  the  Day  into  12  cqua 
Hours,  and  the  Night  into  1 1  other  equal  Hours,  and  fo  the  whol 
Day  and  Night  into  24  Hours.  Of  thefe  24,  thofe  which  belongei 
unto  the  Day  were  either  longer  or  fhorter  (excepting  the  two  Equine 
ftialDays)  than  thofe  which  belonged  unto  the  Night  j  and  the  Si|m 
mer  Hours  always  longer  than  the  Hours  in  the  Winter,  according  to  tl 
lengthning  of  the  Days,  whereupon  they  are  called  the  Old  Unequ: 
( and  by  fome  the  Planetary)  Hours. 

To  expreh  thefe  in  the  former  Planes,  firft  draw  the  common  Hou 
lines,  the  Equator,  and  the  Tropicks,  as  before <  Then  deferibetwoo 
cult  Parallels  of  the  length  of  the  Day,  one  for  9  Hours,  the  other  f< 
1 5  Hours  $  for  fo  you  may  draw  a  ftraight  Line  for  the  firft  unequ 
Hour  through  5  he.  4*  m.  in  the  Parallel  of  1  y,  and  through  %io. 
>nthe  Parallel  of  9.  This  ft  ra'ght  Line'  fhall  pafs  direffly  through// 
g  m.  in  the  Equator,  and  fo  cut  off  a  twelfth  part  of  the  Arks  above  tl 
Horizon,  both  from  thefe  two  Parallels  and  the  Equator $  and  bcii 
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ntinued  unto  the  Tropicks,  it  {hall 
[o  cut  off  about  a  twelfth  part  from 
em,  and  all  the  reft  of  the  Parallels 
■  Declination  ,  without  any  fenfible 
rour. 

In  like  manner  you  may  draw  the 
cond  unequal  Hour  through  7  hour 
1  the  Parallel  of  15,  through  8  hour 

1  the  Equator,  and  through  9  hour 
\  the  Parallel  of  9,  and  foin  the  reft, 
i  in  this  Table. 

And  of  thefe  unequal  Hours  you 
ave  a  further  Example  in  the  Dia- 
ram  belonging  to  the  Polar  Declining 
lane.  . 
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Hours  frm Sm-rifing  and sm-fctting' 
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CHAP.  XVII. 


To  druse  the  Hours  from  Sun-rijtng  and  Sun*fytl»g  in  the  former  PIm ts. 

«  /'  / 

kO  know  how  many  Hours  are  paft  (iace  the  Sun-rifing,  or  how  rna* 
m  uy  remain  to  the  Xun-fetting,  firft  draw  the  common  Hour-lines, 
the  Equator,  and  the  Tropicks,  as  before ;  then  defcribe  two  occult  Pa- 
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rallels  of  the  length  of  the  Day,  one  for  8  Hours,  and  the  other  for  l< 
Hours:  For  fo  you  may  draw  the  firft  Hour  from  the  Sun-rifingthrougt 
the  common  Hours  of  5,  in  the  Parallel  of  1 6,  of  7. in  the  Equator,  ant 
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Tv  drm  the  Horizontal- tine,  77. 

if  a  in  the  Parallel  of  8.  In  like  manner,  the  fecond  Hour  from  Sun- 
ifing,  through  the  common  Hours  of  6  in  the  Parallel  of  I  6,  of  8  in  the 
equator,  and  of  I  o  in  the  Parallel  cf  8.  And  fo  the  reft  in  their  order. 

I  The  firft  Hour  before  Sun-fetting,  or  the  2?  Hour  from  the  laft  Sun*- 
ettingu  may  be  drawn  in  like  fort,  through  the  common  Hours  of 
noon  in  the  Parallel  of  8,  of  $  in  the  Equator,  and  of  7  in  the  Para.Icl  ot 
i6.  The  fecond  Hour  before  Sun-fetting,  or  the  12  Hour  after  the  laU 
Sun-fetting,  through  the  common  Hours  of  2  in  the  Parallel  of  8>  0  4 
in  the  Equator,  and  of  (Jin  the  Parallel  of  16:  And  fo  the  1  eft  in  tic 
like  order,  whereof  you  have  another  Example  in  the  Diagram  belonging 
to  the  Declining  V ertical. 


.CHAP..  XVIII. 

To  draw  the  Horizontal-line  in  the  former  Planes, 

THe  common  Hour-tines  do  commonly  depend  on  the  lhadow  of  the 
Axbj  but  the  Parallels  of  the  Sign?,  and  of  the  length  of  the  Day, 
the  Hour-lines  from  Sun-rifing  and  Sun-fetting,  with  many  others,  de¬ 
pend  on  the  Shadow  of  the  top  of  the  Style,  or  Tome  other  Point  in  th. 
Axis,  which  here  fignifieth  the  Center  of  the  World,  and  is  reprefented 
by  the  Point  B.  And  thefe  Lines  fo  depending  are  then  onely  ufeful, 
when  they  fall  between  the  two  Tropicks,  and  within  the  Horizon. 

There  may  be  feveral  Horizontal-lines  drawn  upon  every  Plane,  as  I 
(hewed  before  in  finding  the  Inclination  of  a  Plane;  but  the  proper  Hori¬ 
zontal-line, which  is  here  meant,  muft  alwaysbe  inthe  fame  Plane  with  B 
the  top  of  the  Style  ;  fo  that  in  an  Horizontal  Plane  there  can  be  no  fuch 
Horizontal- line:  but  in  all  other  Planes  it  may  be  found  by  applying  the 
Horizontal  Leg  of  the  Seaor  unto  the  top  of  the  Style,  and  then  working 
as  before ;  and  the  Interfeaion  of  this  Line  with  the  Meridian  or  Subiiy- 
lar-line  may  be  found  by  Proportion* 

I,  To  find  the  Interfeaion  of  the  Horizon  with  the  Meridian  In  an 
nottial  Plane, 

zAsthe  Tangent  of  4J  gr. 

to  the  Tangent  of  the  Latitude  : 

So  it  the  Height  of  the  Style , 

to  the  T>ifimce  It  tween  the  Style  *nd  the  Jfferl&ont4-Itne* 


% 


1 


/ 


J 


To  drdw  the 


As  in  the  Example  of  the  former  Equino&ial  Plane,  extend  the  Com¬ 
pares  from  the  Tangent  of  4$  gr,  unto  $1  gr,  3°  m*  the  Tangent  of  the 
Latitude,  the  fame  extent  will  reach  in  the  Line  of  Numbers  from  51 
the  length  of  the  Style,  unto  66,  and  fuch  is  the  Diftance  between  the 
Style  and  the  Horizontal-line :  Wherefore  I  take  66  parts  out  of  a  Line 
of  Inches,  and  prick  them  down  in  the  Meridian-line  from  C  unto  H 
above  the  Style  in  the  upper  Face,  but  below  the  Style  in  the  lower  Face 
of  the  Plane  ;  f©  a  Righc  Line  drawn  through  H,  parallel  to  the  Hour  oi 
6,  fhall  be  the  Horizontal-line. 


a.  To  fi*id  the  Inter feBion  of  the  Horizon  with  the  Meridian  in  a  Dire  £1 
Pol  nr  Plane, 


As  the  Tangent  of  45  &•  -  . 

to  the  Co-tangent  of  the  Latitude  : 

So  the  length  of  the  Style , 

to  the  difiance  between  the  Style  and  the  Horizontal- line  ', 

9  .  i  '  y  '■ 

As  in  the  Example  of  the  former  Polar  Plane,  extend  the  Compaffe 
from  the  Tangent  of  45  p*  unto  the  Tangent  of  38  gr,  30  m,  the  Com¬ 
plement  of  the  Latitude,  the  fame  extent  will  reach  in  the  Line  of  Num¬ 
bers  from  1,61  the  length  of  the  Style,  unto  r.  z8,  and  fuch  is  the  di- 
fiance  upon  the  Meridian  between  the  Style  and  the  Horizontal-line* 

•  In  all  upright  Planes,  whether  they  be  Dire6l,  Vertical  or  Declining 
or  Meridian  Plane the  Horizontal-line  muft  always  be  drawn  througl 
A  the  Foot  of  the  Style,,  as  may  appear  in  the  Examples  before. 

And  generally,  in  all  Planes  whatfoever*  the  Horizontal- line  muftb 
drawn  through  the  Interfe&ion  of  the  Equator  with  the  Hour  of  6.  O 
if  that  Interfe&ion  fail  without  the  Plane,  yet  if  any  Arks  of  the  lengd 
of  the  Day  be  drawn  on  the  Plane,  the  Horizontal-line  may  be  draw* 
'  through  their  Interfe$ions  with  the  Hours  of  the  Suns  riling  or  letting. 


CHAP 


The  Defcriptim  of  the  Vertical  Circles, 


79 


. 


CHAP.  XIX. 


’  *  f 

To  defcrile  the  Vertical  Circles  in  the  former  ’Plane's. 


/ 


, 


*  »  •"  ,  *  '•  '  ■  •  ^ 

T'He  Vertical  Circles,  commonly  called  Azimuths,  are  Great  Cir- 
T  Is  drawn  through  the  Zenith,  by  which  we  may  know  m  what 
,„t  of  the  Heaven  the  Sun  is,  how  far  from  the  Eaft  or  Weftrandhow 

“SnSinii. ***** k  D“'a v™..!.. -Miff. 

Foot  of  the  Style  upon  the  Horizontal  line,  may  be  found 

"'cnnfider  the  length  of  the  Style  in  Inches  and  parts  of  Inches,  and 
theCdiftfance  of  each* Azimuth  from  the  Style,  according  to  the  Angle  at 
die  Zetfith  in  Degrees  and  Minutes. 

’ As  the Tangent  of  45  gr.  \ 

to  the  Tangent  of  J^imulh : 

S°  ^thFungth^f  Sthe  H,r!x,ontal-line  litwten  the  Stjle  aid  the 
Axdtntrtb* 

-  .  »  n  .  f  . )  .  r  r  (T  T  f  - 

As  if  it  were  required  to  draw  the  common  Azimuths  on  the  South 
Face  of  the  Vertical  Plane  before  defcribed,  where  A  B  the  length  o 

feSE'til  , f ,  m=  k  «  *.  % 
tggtsii  s>b 

%"p  ,o  ,  .“a  ihirfin  .he,  «*,. 

Compaffc  from  the  Tangent  of  «  gr.  unto  .o  in  the  L «*  «f  N  j 
btrs,  the  fame  extent  wrU  reach  from  the  Tangent  of  u  gr.  S  ^ 


! 
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The  Deferittion  of  the  Azimuth' ^ 
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90 

0  Infinir. 

unto  1. 99  in  the  Line  of  Numbers  fo 
the  length  of  the  Tangent-line,  betweei 
the  Style  and  the  Point  S  b  E  ;  ant 
from  the  Tangent  of  2  a  gr.  30  m.  nnt< 
4.  14  for  S  $  E  :  And  fo  for  the  reft 
as  in  this  Table. 

In  like  manner,  in  the  firft  Exam 
pie  of  the  Declining  Plane ,  where  th 
Style  ftandeth  according  to  the  Declina 
tion  24^r,  20  ws>.  diftant  from  the  Sout! 
toward  the  Weft,  the  next  Point  c 

Shi 


upmm 

SbW  is  but  t3  gr.  5  m.  diftant  from  the 
Style;  and  the  fecond  of  S  SWowtXy  1  gr. 

50  m,  and  the  third  of  S  Wb  S  is  again 
9  gr.  25  m.  and  <he  reft  in  their  order. 

Wherefore  having  before  foand  the  length 
of  the  Style  to  be  6  Inches  80  parts,  ex¬ 
tend  the  Compares  from  the  Tangent  of 
45  gr,  unto  6.  80  parts  in  the  Line  of 
^umbers,  the  fame  extent  will  reach  from 
the  Tangent  of  T£gr.  20  unto  3.07  in 
the  Line  of  Numbers ,  for  the  length  of 
the  Tangent- line  between  the  Style  and  the 
South;  and  from  the  Tangent  of  1 3  gr, 

5  m»  unto  I.  58  for  the  Point  of  SbW : 
and  fo  for  the  reft,  as  in  this  Table. 

Thardonev  if  you  take  thefe  Parts  out 
of  ajLineof  I|ich^,and  prick  them  down 
in  thie.  Horizontal- line  on  either  fide  of  the 
Style ,  drawing  Right  Lines  perpendicular 
to  the  Horizon  through  thefe  Interfe&ions, 
but  fo  as  they  may  be  contained  between,  /" 
the  florizontal  and  the  Tropicks,  the  Lines  fo  drawn  fhall  .b 
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muths  required. 


be  the  Azi- 


In  an  Horizontal  Plane  thefe  Azimuths  are  drawn  more  eafily  :  For 
here  the  perpendicular  fide  of  the  Style  is  the  fame  with  the  Axis  of  the 
Horizon,  and  the  Foot  of  the  Style  is  the  Vertical  Point,  in  which  ali 
the  Azimuth-lines  do  meet,  as  their  Circles  do  in  the  Zenith  :  Where¬ 
fore  let  any  Circle  defcribed  on  the  Center  A,  at  the  Foot  of  the  Style,  be 
divided  fis  ft  into  four  parts,  beginning  at  the  Meridian;  and  then  each 
quarter  fubdivided  either  into  eight  equal  parts,  according  to  the  Points 
of  the  Mariners* Com pafs,  or  into  90 gr.  according  to  the  Aftronomical 
divifion ;  if  you  draw  Right  Lines  through  the  Center  and  thefe  divisi¬ 


ons. 


the  Lines  fo  drawn  fhallbethe  Azimuths  required. 


. . .  ...  -f . 

In  all  other  Planes  inclining  to  the  Horizon,  thefe  Vertical  Circles  will 
meet  in  a  Point ;  but  that  Vertical  Point  being  more  or  lefs  diftant  from 
the  Foot  of  the  Style,  the  Angles  at  this  Point  will  be  unequal. 


U  1 


i.  To 


u 


The  PefcriftfM  tf  the  Azimuths 


I.  To  find  the  di/lance  between  the  Foot  of  the  Style  and  the  Vertital 
Point* 

The  Vertical  Point,  wherein  all  the  Vertical  Lines  do  meet,  will  be  at- 
ways  in  the  Meridian, direftly  under  or  over  the  top  of  the  Style ;  and  the 
Angle  between  the  perpendicular  fide  of  the  Style,  and  the  Verical  line, 
•trill  hp  enual  to  the  Inclination  of  the  Plane  to  the  Horizon.  Wherefore, 


tJs  the  Tangent  of  45  gr. 

to  the  Tangent  of  the  Inclination  of  the  Plane : 

S°  ^fthe^ipnfe  between  the  Foot  of  the  Style  and  the  Vertical  Ptin 

-  ,  —  Tb 


ttf$n  &n  Inclining  *pUnel  8  3 

■  $  _ 

Thus  in  the  fitft  Example  of  the  Declining  Inclining  Plane,  where  the 
upper  Face  of  the  Plane  looking  South- weft,  the  Declination  was  24  gr. 
to  m.  the  Inclination  36  gr,  and  you  may  fuppofe  A  B  the  length  of  the 
Styleto  be  6  Inches ;  if  you  extend  the  Compaffes  from  the  Tangent  of 
unto  the  Tangent  of  36  gr.  the  fame  extent  will  reach  in  the  Line 
of  Numbers  from  6,  00  unto  4-  36 ,  for  the  diftance  AV,  between  A 
the  Foot  of  the  Style  and  V  the  Vertical  Point, 

2.  T 9  find  the  difiance  between  the  Foot  of  the  Style  and  the  Horizontal* 
'  line . 

As  the  Tangtnt  of  the  Inclination  of  the  Plane , 
is  to  the  T angent  of  4  y  gr. 

So  the  length  of  the  Style ,  . 

'  to  the  difiance  between  the  Foot  of  the  Style  and  the  Horizontal* 
Une . 

* 

So  the  fame  extent  of  the  Compaffes  as  before  will  reach  in  the  Line  of 
1  Numbers  from  6 •  00  unto  8*  2 6  for  the  diftance  A  H  between  the  Foot 
of  the  Style  and  the  Horizontal-line. 

Then  may  you  take  4  inch .  36  cent,  and  pricking  them  down  from  A 
1  the  Foot  of  the  Style,  unto  V  the  Vertical  Point  in  the  Meridian,  draw 
the  Line  V  A,  which  being  produced,  fhall  cut  the  Horizon  in  the  Point 
j  H  with  Right  Angles,  and  be  that  particular  Azimuth  which  is  perpendi¬ 
cular  to  the  Plane.  , 

Or,  you  may  take  8  inch .  26  cent,  and  prick  them  down  in  the  former 
Line  V  A,  produced  from  A  unto  H,  and  fo  draw  the  Horizontal- line 
through  H,  perpendicular  untoVH,  which  Horizontal-line  being  pro- 
duced,  will  crofsthe  Equator  in  the  fame  Point  wherein  the  Equator  crof- 
feth  the  Hour-line  of  6,  unlefs  there  be  fome  former  error. 

i|  *  To  find  the  Angles  made  by  the  Azimuth-lines  at  the  V trtical  Point . 

|Jt  *  *  *  .  * 

The  Angles  at  the  Zenith  depend  on  the  Declination  of  the  Plane,  as 
in  our  Example,  where  the  Style  ftandeth  according  to  the  Declination 
24  gr.  20  m.  diftant  from  the  South  toward  the  Weft,  the  Azimuth  of 
10 gr.  from  the  Meridian  Eaftward  will  be  34gr.  20  m.  the  Azimuth  of 
10 gr.  Weftward  will  be^onely  14 gr.  20  m.  diftant  from  the  Style  ;  and 
j!  fo  the  reft  in  their  order. 


Lll  2 


Or 


gi  the  Defcriptid  <f  the  Azimuths 

Or  if  vou  would  rather  defcribe  the  common  Afeimuths,  the  Point  of 
S  b  E  will  be  3  5  _gr.  3  j  >».  the  Point  oi  SbW  1$  gr.  5  m.  diftant  from 
the  Style;  and  fo  the  reft  in  their  order.  Then,  • 


*/4s  the  Sine  of  90  gr.’ 

to  the  Co- fine  of  the  Inclination  of  the  Plane : 

So  the  Tangent  of  the  Angle  at  the  Zenith,  ^ 

to  the  Tangent  of  the  Angle  at  the  Vertical  Potntyhetween  the  Line 
drawn  through  the  Foot  of  the  Style ,  and  the  Azimuth  required 
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Wherefore  the  Inclination  of  the  Plane 
in  our  Example  being  36  gr.  extend  the 
(Compares  from  the  Sine  of  90,  gr.  unto 
the  Sine  qf  54  gr-  the  fame  extent  fhall 
reach  in  the  Line  of  Tangents  from  24 gr. 
20  m.  unto  20  gr.  %  m.  for  the  Angle 
H  V  a  at  the  Vertical  Poiht ,  between  the 
Line  V  H,  drawn  through  A  the  Foot  oi 
the  Style,  and  the  South.  Again,  the  fame 
extent  will  reach  from  the  Tangent  of  1.3 
gr.  S  unto  \ogr.  38  m.  for  the  Angli 
belonging  to  S  h  tv ,  and  fo  for  the  red,  a 
in  this  Table. 

Thefe  Angles  being  known ,  if  on  thi 
Center  V,  at  the  Vertical  Point,  you.de 
feribe  an  occult  Circle,  and  therein  inferib 
the  Chords  pf  thefe  Angles  from  the  Lin 
V  H,  and  then  draw  Right  .  Lines  througl 
the  Vertical  Point,  and  the  Terms  of  thof 
Chords,  the  Lines  fo  drawn  fhall  be  th 
Azimuths  required. 


ri  j  I  IlillUIAJ  A  VvlMii  vviv 

The  like  reafon  holdeth  for  the  drawing  of  the  Azimuths  upon  a! 
other  Inclining  Planes,  whereof  you  have  another  Example  m  the  Dia 
cram  belonging  to  the  Meridian  Indiner,  as  before. 

Or,  for  further  fatisfa£Iion,  you  may  find  where  each  Azimuth-lin 

fhall  crofs  the  Equator, 


A 1  the  Slue  of  $o  gr. 

to  the  Sine  of  the  Latitude  : 


& 


upon  an  Inclining  Plane . 

'  •  Sojhe  Tangent  of  the  Azimuth  from  the  Meridian^ 
to  the  Tangent  of  the  Equator  from  the  Meridian . 


s* 


Extend  the  Compares  from  the  Sine  of  90  gr.  unto  the  Sine  of  our 
Latitude  51  gr.  50  m.  the  fame  Extent  will  reach  in  the  Line  of  Tangents 
from  10 gr,  unto  7 gr,  50 m.  for  the  Interfe&ion  of  the  Equator  with 
the  Azimuth  of  10 gr,  from  the  Meridian.  Again,,  the  fame  extent  will 
reach  from  20 gr.  unto  1 5 gr.  54  m.  for  the  Azimuth  of  20  gr*  And  fo 
the  reft,  as  in  thefe  Tables. 
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;  By  which  you  may  fee  that  the  Azimuth  90  gr.  diftant  from  the  Meri¬ 
dian,  which  is  the  Line  of  Eaft  and  Weft,  will  erofs  the  Equator  at  90  gr. 
from  the  Meridian,  in  the  fame  Point  with  the  Horizontal-line  and  the 
Hour  of  6:  and  that  the  Azimuth  of  4  5  gr.  will  crofs  the  Equator  at  38  gr* 
2  nt.  from  the  Meridian  $  that  is,  the  Line  of  S  E  will  crofs  the  Equator 
at  the  Hour  of  9  and  2  8  m.  in  the  Morning,  and  the  Line  of  S  W  at  2  ho* 
32  m.  in  the  Afternoon :  And  fo  for  the  reft,  whereby  you  may  examine 
your  former  Work, 


CHAP.  XX. 

To  defer ibe  the  Parallels  of  the  Horizon  in  the  former  Planes . 


THe  Parallels  of  the  Horizon,  commonly  called  Almicanters,  or  Pa¬ 
rallels  of  Altitude  (whereby  we  may  know  the  Altitude  of  the  Sun 
above  the  Horizon)  have  fuch  refpeft  unto  the  Horizon,  as  the  Parallels  of 

Dedi- 


x  / 


g£  The  Vefcript'm  < )f  the  VmlleUf  thefforkh 

Declination  unco  the  Equator,  and  fomaybe  defcribedin  like  manned 
Iiian  Horizontal  Plane  thefe  Parallels  will  be  perfetft  Circles }  where¬ 
fore  knowing  the  length  of  the  Style  in  Inches  and  parts,  and  the  diftancc 
of  the  Parallels  from  the  Horizon  in  Degrees  and  Minutes, 

^  As  the  Tangent  of  45  gr. 

is  to  the  length  of  the  Style: 

So  the  Co-tangent  of  the  Parallel , 
to  the  Semidiameter  of  his  Circle « 

'  Thus  in  the  Example  of  the  Horizontal  Plane,  if  A  B  the  length  of  the 
Style  fhali  be  5  Inches,  and  that  it  were  required  to  find  the  Semidiame¬ 
ter  of  the  Parallel  of  6z  gr.  extend  the  Compares  from  the  Tangent  of 
gr .  unto  5.  00  in  the  Line©f  Numbers,  the  fame  extent  will  reach 
from  the  Tangent  of  the  Complement  of  the  Parallel,  unto  2.^5: 
And  if  you  deferibe  a  Circle  on  the  Center  A,  to  the  Semidiameter  of 
2  inch.  <5$  cent,  it  (hall  be  the  Parallel  required. 

In  all  upright  Planes,  whether  they  be  Direft  Verticals,  or  Declining, 
or  Meridian  Planes,  thefe  Parallels  will  be  Conical  Se&ions,  and  may  be 
drawn  through  their  Points  of  Interfe&ion  with  the  Azimuth-lines,  in 
the  fame  manner  as  the  Parallels  of  Declination  through  their  Points  oi 
Interfe&ion  with  the  Hourlines.*  To  this  end,  you  may  firft  find  the 
diftance  between  the  top  of  the  Style  and  the  Azimuth,  and  then  the  di* 
fiance  between  .the  Horizon  and  the  Parallel,  both  which  may  be  repr* 

fented  in  this  manner.  .  Ah: 

On  the  Center  B,  and  any  Semidiameter  B  H,  deferibe  an  occulcArl 
of  a  Circle,  and  therein  inferibe  the  Chords  of  fuch  Parallels  of  Altitude 
as  you  intend  to  draw  on  the  Plano,  (I  have  here  put  them  for  15,  30,45 
and  6(5) gr.)  ehen  draw  Right  Lines  through  the  Center  and  the  Terms  0 
thofe  Chords,  fo  the  Line  B  H  fhali  be  the  Horizon ,  and  the  reft  the  Lint 
of  Altitude,  according  to  their  diftance  from  the  Horizon. 

That  done,  confider  your  Plane,  (which  here  for  example  is  theSout! 
Face  of  our  Vertical  Plane  )  wherein  having  drawn  both  the  Horizons 
and  Vertical  Lines,  as  Lfhewed  before,  firft  take  out  A  B  the  length  c 
the  Style,  and  prick  that  down  in  this  Horizontal  Line  from  B  unto  A 
then  take  out  all  the  diftances  between  B  the  top  of  the  Style  and  the  ft 
vcral  Points  wherein  the  Vertical  Lines  do  crofs  the  Horizontal.,  traasfc 
them  into  this  Horizontal-line  B  H,  from  the  Center  B,  and  at  the  Tern 
of  thefe  diftances  ere&  Lines  perpendicular  to  the  Horizon,  notingxher 


upon  an  Horizontal  Plane. 


with  the  Number  of  tetter  of  the  Azimuth  ^m  vKnce  thtj  were  ta* 

the  like  diftanees  between  the  Horizontal  and  the  ParaHelsofAltHude 
lafon  the  Azimuths  in  your  Plane.  Upon  this  ground  it  followed!, 

1.  To  find  the  difiance  between  the  top  of  the  Style,  and  the  feveral  Points 
wherein  the  Azimtfths  do  ere  ft  the  Horizontal- hne. 

Havinedrawn  the  Horizontal  and  Azimuth  Lines  as  before,  Iook  ’^ 
theTabkby  which  youdrew  them,  and  there  you  Ihall  have  the  Angles 

the  Zenith.  Then*  -  " 

#  .  '  v  , 

As  the  0  fme  °f  th‘  A”&le  at  ***  -■ 

is  to  the  Sine  of  90  gr. 

So  the  length  of  the  S tjle, 
to  the  Difiance  required, . 

'jkimtht** 
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As  in  our  Example  of  the  Vertical  Plane ,  where  A  B  the  length 
of  the  Style  was  fuppofed  to  be  10  Inches,  extend  the  Compares  from 
the  Sine  of  yg gr.  4J  m,  (the  Complement  of  1 1  gr*  1  $  m.  the  Angle  at 
the  Zenith,  belonging  to  4 9  b  E  and  S  b  W)  unto  the  Sine  of  90  the 
fame  extent  will  reach  fro*w  10,  ©©the  length  of  the  Style,  unto  10.  20, 
for  the  di fiance  between  the  top  of  the  Style  and  the  Xnterfe6lion  of  the 
Azimuth  S  h  £with  the  Horizontal  line,  which  diflance  may  be  called 
the  Secant  of  the  Azimuth,  and  may  ferve  for  the  drawing  of  the  Paral¬ 
lel  of  4 $gr.  from  the  Horizon.  The  like  reafon  holdeth  for  the  reft  of 
thefe  diftances  here  reprefented  in  the  Line  B  H. 

2.  To  find  the  difiance  between  the  Horizon  and  the  Parallels . 

As  the  Tangent  of  4$  gr.  ‘ 

to  the  Tangent  of  the  Parallel : 

So  the  Secant  of  the  Azimuth, 

,  to  the  Diflance  required* 

As  if  it  were  required  to  draw  the  Parallel  of  1  $  gr.  from  the  Horizon, 
upon  this  Vertical  Plane ;  extend  the  Compares  from  the  Tangent  of 
4  $  gr.  unto  the  ^angent  of  15  gr,  the  fame  extent  will  reach  in  the  Line 
!  of  Numbers  from  10.  go  the  Secant  of  the  South  Azimuth,  unto  2*  68, 
and  therefore  the  diflance  between  the  Horizon  and  the  Parallel  of  1 5  gr* 
ii  2  inch *  68  cent,  upon  the  South  Azimuth.  Again,  the  fame  extent 
will  reach  from  10.  20  che Secant  of  SbE,  unto  2.  73,  for  the  like  di- 
ftancc  belonging  to  S  h  E  and  S  b  W :  And  fo  for  the  reft,  which  may 
be  gathered  and  fet  down  in  the  Table. 

That  done,  and  the  Horizon  and  Azimuths  being  drawn,  prick  down 
10  Inches  from  the  Horizontal- line  upon  the  South  Azimuth, and  10  inch . 

|  lo cent*  on  the  Azimuths  of  SbE  and  ShW,  and  10  inch.  8 2  cent,  on 

i  the  Azimuths  of  S  8  E  and  S  S  IP,  and  12  inch,  3  cent,  on  the  Azimuths 
of  S Eh  S  and  SWbS,  and  fo  the  reft  of  thefe  diftances  on  their  feve- 
;  ral  Azimuths :  then  if  you  draw  a  crooked  Line  through  thefe  Points, 

;  that  may  make  no  Angles,  the  Line  fo  drawn  (hall  be  the  Parallel  of  4  jgr* 

\  from  the  Horizon.  In  like  manner  may  you  draw  the  Parallel  of  15  gr* 

or  any  other  Parallel  of  Altitude,  upon  any  Vertical  Plane. 

If  the  Plane  incline  to  thcTIorizon,  after  we  have  found  the  Vertical 
Point,  and  drawn  the  Horizontal-line,  we  are  farther  to  find  the  length 
of  the  Axis  of  the  Horizon,  then  the  Angles  betwixt  this  Axis  and  the 

M  m  m  A  zimuth 

ii  1  . 

■  flk  £**  :* 


p©  ft  Arm  the  Ttrtlkls  tf  the  Htr'mh 

Azimuth-lines,  and  fo  the  feveral  diftances  between  the  Parallels  and  the 
Vertical  Point,  all  which  may  be  ieprefented  in  this  manner. 

On  the  Center  B,  and  any  Semidiameter,  defcribe  an  occult  Quadrant 
of  a  Circle,  and  therein  infcribe  the  Chords  of  fuch  Parallels  of  Altitude 
as  you  intend  t®  draw  on  the  Plane,  drawing  Right  Lines  through  the 
Center  and  the  Terms  of  thefe  Chords,  fo  the  Line  B  H  lhall  be  the  Hori¬ 
zon,  and  his  Perpendicular  B  V  the  Axis  of  the  Horizon,  and  the  reft  the 
Lines  of  Altitude,  according  to  their  diftance  from  the  Horizon. 

That  done,  confider  your  Plane,  which  here,  for  example,  is  the  firft  ol 
of  our  three  Declining  Inclining  Planes;  wherein  having  drawn  bod 
the  Horizontal  and  Vertical  Lines,  as  I  (hewed  before,  firft  take  out  th< 
Axis  of  the  Horizon,  which  is  the  Line  between  B  the  top  of  the  Style  anc 

V  the  Vertical  Point,  and  prick  that  down  in  this  Figure  from  Buntc 

V  5  then  take  out  both  the  Line  V  H,  and  all  the  reft  of  the  diftances  be 
tween  V  the  Vertical  Poinc  and  the  feveral  Points  wherein  the  Vertica 
Lines  do  crofs  the  Horizontal  Line  of  this  Figure  from  the  Point  V ,  notit): 
the  place  where  they  crofs-  the  Horizontal-line,  with  the  Number,  or  Lette 
of  the  Azimuth  from  whence  they  were  taken,  and  drawing  the  Azi 
aiuth-lmesfrom  V  through  the  Lines  of  the  Altitude. 


mi 


ufm ah  Inclining  flam.  9* 

ment  of  the  Inclination  of  the  Plane  from  V  unto  E :  then  draw  the  Line 
E  F  parallel  to  the  Axis,  croffing  the  Line  V  H  produced  in  the  Point 
fo  this  Line  E  F  will  be  as  the  Line  of  Sines  upon  the  Se&or,  and  therein 
vou  may  prick  down  the  Sines  of  the  Complement  of  the  Angies  at  the 
Zenith  from  E  towards  F,  and  draw  the  Vertical-lines  by  thofe  Points 
through  the  Lines  of  Altitude  ;  fo  the  Angles  at  V,  between  the  Axis 
VB  and  thofe  Azimuth-lines,  fhall  be  the  Angies  betwedfi  the  Axis  of 
the  Horizon  and  the  Azimuth-lines  on  your  Plane,  and  the  feveral  dittan¬ 
ies  between  the  Point  V  and  the  Lines  of  Altitude  fhall  give  the  like 
diftances  between  the  Vertical  Point  and  the  Parallels  of  Altitude  upon 
the  Azimuths  in  your  Plane.  Upon  this  ground  it  followeth, 

'  ;  *'  >  - 

I.  To  find  the  length  of  the  Axis  of  the  Horizon* 


The  Vertical  Point  is  always  either  dire$ly  over  or  under  the  top  of 
I  the  Style,  and  the  difiance  between  them  is  that  which  I  call  me  Axis  or 
I  the  Horizon,  which  may  thus  be  found  2 

1  \  •  ^  V  r  •  '  * 


As  the  Co-fine  of  the  Inclination. , 
to  the  Sine  of  9°  gr- 
4  So  the  length  of  the  Style , 

to  the  length  of  the  Axis  of  the  Horizon* 


FqT  example,  in  the  firft  of  the  three  Declining  Inclining  Planes,  the 
Inclination  to  the  Horizon  is  36  gr .  the  length  of  the  Style  A  B  6  Inches ; 
extend  the  Compares  from  the  Sine  of  54 gr .  the  Complement  Of  tjie  In- 
clinatidn,  unto  the  Sine  of  90  gr.  the  fame  extent  will  reach  in  ^  Line 
of  lumbers, from  6.  oeruntOJ^a  y  and  fuch  is  V  B  the  length  of  the 

Axis^equircd.  , 


2# 


To  find  the  Angles  contained  between  the  Horizon  and  the  Vertical 


dries  np on  our  ‘Plane. 

|  Y*  • 

Thie‘  Angles  at  the  Vertical  Point  between  the  Axis  of  the  Horizon  and 
the  Azimuth-Tines  upon  your  Plane,  are  reprefented  in  this  Figure  by 
thofe  at  V,  between  V  B  and  the  Azimuths.  The  Angles  between  the 
Horizon  and  the  Azimuth-lines  being  Complements  to  the  former,  arc 
reprefented  either  by  thofe  which  are  made  by  V  E,  or  by  B  H,  and  the 
Azimuth-lines  which  are  drawn  from  V . 

M  mm  %  That 


is  according  to  the  Declination  24^.20  m»  extend  the  CompafTes  from 
the  Sine  of  90 gr,  unto  the  Tangent  of  30^,  the  fame  extent  will  reach 

~~  -  . .7  from 


H  The  Defcriptmof  theFarallels  of  the  Horizon 

That  you  may  find  them*  look  into  the  Table  by  which  you  drew  the 
Azimuth- lines,  there  (hall  you  find  the  Angles  at  the  Zenith.  Then, 

As  the  Sine  of  90  gr. 

to  the  Co- fine  of  the  Angle  at  the  Zenith  : 

So  the  Tangent  of  Inclination  to  the  Horizon, 

to  the  Tangent  of  the  Angle  between  the  Horizon  and  the  V trtfrd 
Lint • 

In  our  example,  where  the  Inclination  to  the  Horizon  is  3  6  gr.  and  the 
Angle  at  the  Zenith,  between  the  Azimuth  at  the  Style  and  the  Meridian, 


*  .  ,  _ 

upon  m Inclining  Vhne* 

•om  the  Sine  of  6 5  gr.  40  w.  the  Complement  of  the  Angle  at  the  Zenith , 
nto  the  Tangent  of  3  3  gr .  30  m,  for  the  Angle  contained  between  the 
Iorizon  and  the  South  pare  of  the  Meridian-line.  Again ,  the  fame  ex- 
ent  will  reach  from  the  Co-fine  of  3  5  3  5  w.  the  Angle  at  the  Zenith 

elonging  to  SbEy  unto  the  Tangent  of  30 gr.  3  m.  for  the  Angle  be- 
wcen  the  Horizon  and  the  Azimuth-line  of  SbE.  The  like  reafen 
iddeth  for  the  reft,  which  may  be  found  and  fet  down  in  the  Table. 
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Then  may  you  either  draw  thefe  Angles  at  V  in  the  former  Figures 
»nore  perfectly,  and  thence  finifh  your  Work, .  or  elfe  proceed* 


#  7fy 


l 


i 


To  defcribe  the  TirdUls  of  the  Horizttt 


i.  To  find  the  di fiance  letxecn  the  Vertical  Point,  and  the  Parallel  of 
the  Horizon, 

,  ~  t  ,»  ;  •  '  V  T  ^  i  '  ' 

Thefediftancesmay  be  found  by  refolving  the  Triangles  in  the  laft  Fi¬ 
gure  made  by  the  Axis,  the  Lines  of  Altitude  and  the  Azimuth  lines, 
For  having  the  length  of  the  Axis,  and  the  Angle  at  the  Horizon  if  you 
add  the  difiance  of  the  Parallel  from  the  Horizon,  unto  the  Angle  at  tht 
Horizon,  you  ihall  have  the  Angle  at  the  Parallel,  Then, 

i  ,  •  * 

zSfs  the  Sine  of  the  Angle  at  the  Parallel , 
to  the  Co- fine  of  the  ^Altitude  % 

So  the  length  of  the  Axis , 

to  the  difiance  between  the  V ertjvxl  Point  and  the  Parallels 

Thus  in  our  Example,  if  it  were  required  to  find  the  diftance  uponth 
*$tylar  Azimuth  V  H>  between  the  Vertical  Point  and  the  Horizon,  yoi 
have  the  Re&angle  Triangle  V  BH,  wherein  the  Angle  at  the  Horizoi 
here  reprefented  by  B  H  V  is  (equal  to  the  Inclination  of  the  Plane)  $6gr 
and  B  V  the  Axis  of  the  Horizon  betweefi  the  Plane  and  the  top  of  th 
Style  is  7  inch.  41  cent.  Wherefore  extend  the  Compaffes  from  the  Sijj 
Gf  36  gr.  unto  the  Sine  of  90  gr.  the  Complement  of  the  Altitude,  th 
fame  extent  will  reach  in  the  Line  of  Numbers  from  7.  42  unto  iz.6i 
and  {uch  is  the  diftance  of  the  Perpendicular  Azimuth-line  V  H,  betwee 

the  Vertical  Point  and  the  Horizon- 

In  like  manner,  if  you  would  find  the  diftance  upon  the  Meridia 
between  the  Vertical  Point  and  the  Horizon,  extend  the  Compares  froi 
the  Sine  of  33  gr.  30W.  the  Angle  at  the  Horizon,  to  the  Sine  of  90  g 
the  fame  extent  will  reach  in  the  Line  of  Numbers  from  7*42  unto  13.4 
and  fuch  is  V  a  the  diftance  between  the  Vertical  Point  and  theHorizc 
upon  the  Line  of  the  South  Azimuth,  that  is,  upon  theMeridian-line» 
But  if  you  would  find  the  diftance  upon  the  Meridian  between  tl 
Vertical  Point  and  any  other  Parallel  of  the  Horizon,  as  upon  the  Para 
let  of  i6gr.  i<\m.  then  add  thefe  2 6 gr.  34  m.  unto  Wgr^omA 
Angle  at  the  Horizon,  fo  (hall  you  have  60 gr.  4  m.  for  B  D  V  the  Ai 
clc  at  the  Parallel.  And  if  you  extend  the  Compaffes  from  the  Sine  of  60  j 
4  m.  unto  the  Sine  of  63  gr.  26  m.  the  Complement  of  the  Parallel  fro: 
the  Horizon,  the  fame  extent  will  reach  in  the  Line  of  Numbers  fro 
7  42  the  length  of  the  Axis,  unto  7. 6$,  and  fuch  is  the  diftance  V  . 
*  ■  ”  bctwc 


,  upontut  Inclining  Vhnt'  9i 

jetween  the  Vertical  Point  a'nd  the  Parallel  of  p6gr.  34  £«P°«  Me* 
idian-line.  The  like  reafon  holdeth  for  all  the  reft,  which  may  be  ga- 

hered  and  fee  down  in  the  Table* 

That  done,  and  the  Horizon  drawn  asbefore,  if  you  would  draw  the 
Parallel  of  s«S  gr.M  »•  the  Horizon,  l®ok  into  the  Table,  and  there 

finding  underfhe  Title  of  theParallel  of  atf.  34  the  d.ftance  on  the  South 
Azimuth-lute  to  be  7.  66,  take  7  inch.  66  cent,  out  of  a  Line  of  Inches, 
md  prick  them  down  on  the  Meridian  of  y  our  Plane  from  the  Vertical 

P°OrTf Tidier  the  Vertical  Point  fall  without  your  Plane,  or  the  extent 
at  any  time  be  too  large  for  your  Compaffes,  you  may  puck  down  the 
cfiftance between  the  Hor  zon  and  the  Parallel.  As  here  the  diftance  be- 
tween  the  Vertical  Point  and  the  Parallel  is  1.66,  between  the  Vertical 
Point  and  the  Horizon  1 3. 44)  the  difference  between  them  5.  78  is  the 
diftance  from  the  Horizon  to  the  Parallel,  which  being  pricked  down 

upon  the  Meridian,  (hall  give  the  fame  lnterfeSion  as  before,  And  the 

lie  teafon  holdeth  for  the  pricking  down  the  reft  of  their  diftances  on 

^Having  the  Point  of  Imerfe&ion  between  the  Azimuths  and  the  Paral¬ 
lel,  YOU  may  ioyn  them  all  in  a  crooked  Line,  without  making  of  Angles ; 
the  Line  fo  drawn  (hall  be  the  ParaUel  required.  And  upon  this  ground  it 

follow  eth, 

Todefcrile  fach  Parallel,  on  the  former  Planes,  a,  may  [hew  the  proper* 
lion  of  the  Shadow  unto  the  Gnomon . 

The  proportion  of  a  Mans  Shadow  unto  hisHeight.or  other  Shadow  to 
his  Gnomon,  let  perpendicular  to  the  Horizon,  may  be  (hewed  by  Paral¬ 
lels  to  the  Horizon,  if  they  be  drawn  to  a  due  Altitude,  which  may  thus 

be  found: 

"As  the  length  of  the  Shadowy 
te  the  length  of  the  Gnomon : 

So  the  Tangent  of  4  5  gr* 

to  the  Tangent  of  the  Altitude.. 

As  if  it  were  required  to  find  the  Altitude  of  the  Surt  when  the  Sha- 
dew  of  a  Man  (hall  be  decuple  to  his  Height,  extend  the  Compares  horn 
i«  unto  l  in  the  Line  of  Numbers,  the  fame  extent  willreaJi  in  the  1. 


I  • 


$6  The  Proportion  of  shadows* 

Sent  of  4  J  gr.  unto  tlie  Tangent  of  5  gr-  4*  w*  which  (hews  thaf  when 
the  Sun  cometh  to  the  Altitude  of  $  gr.  42  m.  your  Shadow  upon  a  level 
Ground  will  be  ten  times  as  much  as  your  Height.  In  the  fame  manner 
youmay  find,  that  at  7  gr.  7  m.  ©f  Altitude  your  Shadow  will  be  a  duple, 
at  p  gr.  27  m.  fextuple,  at  1  \gr,  18  m.  quintuple,  at  I  4gr9  2  m.  quadru¬ 
ple,  at  i8^r.  26  m.  triple,  at  26  gr.  gg  m.  double  to  your  Height,  at  $]gr0 
41  m.  as  3  unto  2,  at  36 gr.  5  2  m.  as  2  unto  g,  at  54 gr.  gpp.as  5  unto 
4,  at  45 gr.  equal,  at  5 1  gr.  20  m.  as  4  unto  5,  at  as  ?  un¬ 

to  4,  at  $6  gr.  \$m.  as  4  unto  g,  at  58^.  a  as  Junto*  5,  at  tfg^r. 
26  w.  as  1  unto  2, 

If  then  you  draw  a  Parallel  to  the  Horizon  at  $  &r*  4*  m*  another  at 
7  gr.  7  m.  and  fo  the  reft,  when  the  (hadow  of  the  Style  falleth  on  the 
Parallel,  you  have  the  proportion,  and  thereby  may  you  know  the  Shadow 
by  the  Height,  and  the  Height  by  the  Shadow,  whereof  you  have  an  exam¬ 
ple  I pAg.  S.  . 

I  might  here  proceed  to  fhewthe  Defcription  of  the  Circles  of  Pofition, 
the  Signs  of  the  Zodiack  in  the  Meridian, the  Signsafeending  and  defend¬ 
ing,  with  fuch  other  Gnomonical  Conclusions  .•  but  thefe  would  prove 
fuperfluous  to  fuch  as  underftand  the  Do&rine  of  the  Sphere  j  and  for 
others,  that  which  is  delivered  may  fuffice  for  ordinary  ufe,  it  being  my 
intention  not  fo  much  to  explain  the  full  ufe  of  Shadows,  (whereof  I  have 
lately  given  a  large  example  in  another  placed  as  the  ufe  of  thefe  Lines  of 
Proportion,  that  were  not  extant  heretofore. 
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0/  the  Defer if  tion  of  the  Quadrant* 

\®\j  |  7 

Aving  deferibed  thefe,  (landing  Planes,  I  will  now  fhew 
the  mod  of  thefe  Conduhons  by  a  fmall  Quadra  nr.  This 

,  «  .  «  **  \  f*  *  /  11  *r  •  / .  .  i  « 


the  Se&or;  and  particularly  For  any  one  Latitude,  by  a 
quarter  of  the  particular  Aflrofcbe,  there  alfo  deferibed* 
which  if  it  be  a  Foot  Semidiameter,  may  (hew  the  Azimuth  unto  a  De¬ 
gree*  -and  the  time  of  the1  Day  unto  a  Minute  :  But  for  ordinary  ufe  this 
(mailer  Quadrant  may  fuffice,  which  may  be  made  portable  in  this  man¬ 
ner.’  -  ••  •  -  '  •’  — -  ■  k  ;i  i  ■  '  !> 


9* 


The  Jnfcriftion  of  the  General  Line*. 


I  9 
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the  fame  Semidiameter  will  fct  off  6ogr.  and  the  half  of  that  will  1 
jo  £r,  which  being  added  to  the  former  6o  gu  will  make  the  Ark  B  C  j 
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be  90  gr.  the  fourth  part  of  the  whole  Circle  ,  and  thence  comes  thc 

name  of  a  Quadrant.  "  .  .  r  a  x\ 

2.  Leaving  (ome  little  fpace  for  the  Infcription  of  the  Months  and  Days, 
on  the  fame  Center  A,  and  Semidiameter  AT,  defer  i  be  the  Ark  TD» 
which  fhall  ferve  for  either  Tropick. 

Divide  the  Line  AT  in  the  Point  E,  in  fuch  proportion,  as  that 
A  T  being  ioooo,  A  E  may  be  6556,  and  there  draw  another  Line  E  F, 
which  fhall  ferve  for  the  Equator;  or  AE  being  ioooo,  let  ET  be 

4.  Divide  A  F  the  Semidiameter  of  the  Equator  in  the  Point  G,  fo  as 
AF  being  10000,  the  Line  AG  may  be4$4?  :  and  on  the  Center  G, 
and 'Semidiameter  GD,  deferibe  the  Ark  E  D,  which  (hall  ferve  for  a 
fourth  part  of  the  Eclipcick. 

This  part  of  the  Eclipcick  may  be  divided  into  three  Signs,  and  each 
Sign  into  30  gr.  by  a  Table  of  Right  Afcenfions,  made  as  followeth.  . 


A  Table  of  Right  Afcenfons. 


a 

r 

8 

It 

• 

Gr. 

M. 

Gr. 

M. 

Gr. 

M. 

0 

0 

0 

27. 

54 

57 

48 

5 

4 

35 

32 

42 

63 

3 

10 

9 

11 

37 

35 

68 

21 

15 

13 

48 

42 

31 

73 

43 

20 

18 

27 

47 

33 

79 

7 

25 

23 

9 

52 

38 

34 

32 

30 

27 

54 

57 

48 

90 

.  0 

\  A^fcthe  Right  Afccnfion  of  the  firft  Point  of  ft  being  27  gr.  54  w. 

I  you  may  lay  a  Ruler  to  the  Center  A  and  27  gr.  34  m.  in  the 

I  Quadrant  B  G,  the  Point  where  the  Ruler  croffech  the  Ediptick  fhall 
be  the  firft  Point  of  ft.  In  like  manner,  the  Right  Afcenfion  of 
the  firft  Point  of  J£  being  $7  gr .  48  m.  if  you  lay  a  Ruler  to  the 
Center  A  and  57^.48  m.  in  the  Quiadranr,  the  Point  where  the  Ruler 
crofleth  the  Ecliptick  fhall  be  the  firft  Point  of  H:  And  fo  for  thc 
reft.  But  the  Lines  of  diftin<ftion  between  Sign  and  Sign  may  be 
beft  drawn  from  the  Center  G. 
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Imm 
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sursi 
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Gr. 

Parrs. 

1 

176 

2 

355 

3 

537 

N  4 

723 

S 

913 

6 

1106 

7 

1302 

8  - 

1503 

9 

1708 

10 

1917 

1 1 

2130 

12 

2348. 

13 

2571 

2799 

1 1? 

3032 

16 

3290 

17 

3514 

18 

3763 

19 

4019 

1  20 

I  4281 

S 21 

4550 

!  22 

4825 

23 

5104 

Trap. 

5258 

6»  The  Line  E  T  between  the  Equator  and  the 
Tropick,  which  I  call  the  Line  of  Declination,  may 
be  divided  into  23  gr.  i  out  of  this  Table.  For  let 
A  E  the  Semidiameter  of  the  Equator  be  ioooo,  the 
diftance  between  the  Equator  and  io^r.  of  Decli¬ 
nation  may  be  1917  more;  between  the  Equator  and 
20 gr.  428 1 ;  the  diftance  of,  the  Tropick  from  the 
Equator  5272.* 

7.  You  may  put  in  the  raoft  of  the  principal  Stars 
between  the  Equator  and  the  Tropick  of  by  their 
Declination  from  the  Equator,  and  Righc  Afcenfiga 
from  the  next  Equinotft ial  Point,  As  the  Declination 
of  the  Wing  of  Pegafus  being  1 3 gr,  'j  m.  the  Right 
Afcenfion  3  5  %  gr.  34  m,  from  the  firft  Point  of  Y, 
or  r  gr.  26  m.  ftiort  of  it.  If  you  draw  an  occult  Pa¬ 
rallel  through  i$gr.jm»o(  Declination,  and  then 
lay  the  Ruler  to  the  Center  A,  and  1  gr-  26  tn*  in  the 
Quadrant  B  C,  the  Point  where  the  Ruler  croffeth 
the  Parallel  (hall  be  the  Place  for  the  Wing  •/  Pegafus^ 
to  which  you  may  fet  the  name  and  the  time  when 
he  cometh  to  the  South  at  midnight  in  this  manner  \ 
W.  Peg.  *  23  Ho.  54  M,  And  lo  for  the  reft  of  theft 
five,  or  any  other  Stars. 


Ho.  MJR.  Afc. 

Dec.  M. 

Pegafus  Wing  * 

ArPiu.ru!  * 

Lions  Heart  * 

Bulls  Eye  ¥ 

Vultures  Heart  * 

March  8 

OPkoher  14 
iAugufl  7 
May  1 6 

January  1 

23  5  6|  1  0  6 

14  ©030  07 

9  5032  28 

4  1854  18 

19  3y66  2  6 

13  17 
21  8 
13  42 
15  46 
8  3 

8.  There  being  fpace  fufficient  betweenthe  Equator  and  the  Center 
you  may  there  defcribe  the  Quadrat,  and  divide  each  of  the  two  Side 
fartheft  from  the  Center  A  into  loo  parts  3  fo  {hall  the  Quadrant  be  pre 
pared  generally  for  any  Latitude. 

But  before  you  draw  the  particular  Lines;  you  are  to  fit  four  Table 
und  er  your  Latitude,  Firft 


’ *  ,*  Tb.-tfca# 4  tf'the Mtritim.'Altitudes*  i©r 

pirft,  a  Table  of  Meridian  Altitudes,  for  divifion  of  the  Circle  of 
Days  and  Months,  which  may  be  thus  made.  Confider  the  Latitude 
of  the  Place,  and  the  Declination  of  the  Sun  for  each  Day  of  the  Year. 
If  the  Latitude  and  Declination  be  alike,  both  North*  or  both  South,  , 
add  the  Declination  to  the  Complement  of  the  Latitude ;  if  they  be  un¬ 
like,  one  North,  and  the  other  South,  fubtra&the  Declination  from  the 
Complement  of  the  Latitude,  the  Remainder  will  be  the  Meridian  Alti¬ 
tude  belonging  unto  the  Day, 

f?Jjis  in  our  Laritude  of  fi gr.  50 m»  Northward,  whofe  Comple¬ 
ments  38  gr.  3©  m.  the  Declination  upon  the  tenth  day  of  June  will  be 
i^gr.  30w*  Northward  4  wherefore  I  add  23  gr.  30  m.  unto 
50  m.  the  fum  of  both  is  6igr .  for  the  Meridian  Altitude  at  the  tenth  of 
June.  The  Declination  upon  the  tenth  of  December  will  be  23  gr.  30 m. 
Southward,  wherefore  I  take  thefe  23^.  30  m.  out  of  38  gr .  30^,’ 
chefce  will  remain  1 5  gr.  for  the  Meridian  Altitude  at  the  tenth  of  Decem¬ 
ber  ,•  and  in  this  manner  you  may  find  the  Meridian  Altitude  for  each 
Day  of  the  Year*  and  fee  them  down  in  aTable. 


<*/l  Table  of  the  Meridian  Altitudes. 


I.  # 


Dies. 

0 

5 

10 

is 

20 

25 

30 

Months. 

Gr. 

M. 

Gr. 

M. 

Gr. 

M. 

Gr. 

M 

Gr. 

M 

Gr. 

M. 

ar. 

M. 

January 

16 

31 

l7 

24 

18 

26 

19 

37 

20 

57 

22 

24 

23 

Wi 

00 

February 

24 

l7 

25 

59 

27 

45 

29 

35 

3i 

29 

33 

25 

March 

34 

35 

36 

33 

38 

32 

40 

30 

42 

27 

44 

22 

46 

15 

%April 

46 

37 

43 

26 

SO 

11 

5i 

50 

53 

25 

S4 

S3 

56 

*5 

May 

56 

J5 

57 

29 

58- 

35 

59 

33 

60 

22 

6l 

2 

61 

31 

June 

61 

36 

61 

54 

62 

0 

61 

58 

61 

45 

6l 

22 

60 

49 

July 

60 

,49 

60 

6 

59 

14 

S8 

13 

57- 

4 

ss 

4b 

54 

24 

Angufl 

54 

7 

52 

36 

50 

59 

49 

*7 

47 

3i 

45 

41 

143 

26 

September 

43 

26 

30 

39 

33 

37 

36 

3S 

u> 

oc 

33 

41 

3i 

46 

OUober 

31 

46 

29 

53 

28 

3 

26 

16 

24 

35 

22 

59 

21 

29 

Novemb. 

{21 

12 

19 

Si 

18 

39 

17 

36 

l6 

43 

16 

0 

15 

28 

December]  1 5 

28 

15 

5 

1$ 

0 

15 

2 

15 

l7 

i5 

44 

16 

22 

* 

The  Table  being  made,  you  may  inferibe  the  Months,  and  Days  ci: 

each 


■ 
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each  Month  into  your  Quadrant,  in  the  fpace  left  below  the  Tropick. 
For,  lay  the  Ruler  unto  the  Center  A,  and  i6gr.  5 1  m.  in  the  Quadrant 
BC,  there  may  you  draw  a  Line  for  the  end  of  December  and  beginning 
of  Jsmxrj ;  then  laying  your  Ruler  to  the  Center  A,  and  »4  gr.  17  m. 
in  the  Quadrant,  there  draw  the  end  of  January  and  beginning  of  Fe¬ 
bruary,  and  fo  the  reft,  which  may  be  noted  wkftcj,  F,M,  A,M,  J,  &c. 
the  fiift  Letters  of  each'Month,  and  will  here  fall  between  rj  gr.  and 
6  z  gr. 

The  fecond  Table  which  you  are  to  fit,  may  fervefor  the  drawi^gjgid 
dividing  of  the  Horizon.  -For  drawing  of  the  Horizon, 

^As  the  Co- tangent  of  the  Latitude , 

to  the  Tangent  of  the  greatefi  Declination : 

So  the  Sine  of  90  gr. 

to  the  Sine  of  the  Interfettion  where  the  Horizon  (hall  crop  the 
Tropick. 

•  So  in  our  Latitude  of  5 1  gr.  3  0  w.  we  fhall  find  the  Horizon  to  cut  the 
Tropick  in  3  $gr.  gm.  wherefore  if  you  lay  the  Ruler  to  the  Center  A, 
and  5  $  or.  g  m.  in  the  Quadrant,  the  Point  where  the  Ruler  croffech  the 
Tropick  fhall  be  the  Point  where  the  Horizon  crofleth  the  Tropick.  And 
if  you  find  a  Point  atHin  the  Line  A  C,  whereon  fetting  the  CompaC- 
fes,  you  may  bring  the  Point  at  Eand  this  Point  in  the  Tropick  both 
into  a  Circle,  the  Point  H  fhall  be  the  Center,  and  the  Ark  fo  drawn  fhall 
be  the  Horizon. 

Then  for  the  divifi®n  of  this  Horizon, 

1.  '  flUM 

At  the  Sine  of  go  gr. 

to  the  Sine  of  the  Latitude : 

So  the  Tangent  of  the  Horizon , 

to  the  Tangent  of  the  Ark  in  the  Quadrant  y  which  fhall  divide 
'  the  Horizon . 

So  in  our  Latitude  of  51  gr.  30  m.  we  fhall  find  7  gr.  $  l  m.  belong¬ 
ing  to  10 gr.  in  the  Horizon,  and  1 5  gr .  54  m,  belonging  to  20  gr.  And 
to  the  reft,  as  in  this  Tabic. 


l 


<~ATMe  for  dividing  of  the  Horizon. 


io? 


X 

0 

• 

Gr.M. 

X 

0 

• 

Gr.M'. 

X 

0 

• 

Gr.M. 

X 

0 

• 

Gr.M. 

X 

0 

4- 

Gr.M. 

X 

0 

• 

Gr.  M 

■q 

0 

0 

11 

1 1 

5i 

3_o 

24 

19 

45 

38 

2 

60 

53  35 

75 

7i  5 

0 

47 

12 

3  9 

■ 

25 

11 

39 

1 

54  4i 

“I 

72  19 

1 

34 

13 

27 

2  6 

4 

40 

0 

35  48 

73  3  3 

2 

21 

*4 

16 

26 

57 

41 

0 

56  S<5 

74  48 

3 

8 

15 

4 

27  50 

42 

0 

58  4 

76  3 

1 

3 

55 

20 

I5_ 

54 

35 

28 

43 

5? 

43 

0 

<5S 

59  13 

80 

77 18 

4  42 

16 

43 

29 

37 

44 

1 

60  22 

78  33 

5 

29 

17 

33 

30 

32 

45 

3 

61  31 

79  49 

6 

17 

18 

22 

31 

27 

46 

5 

62  41 

81  5 

7 

4 

19 

12 

32 

22 

47 

8 

62  52 

82  21 

10 

7 

52 

25 

20 

2 

40 

33 

18 

55 

48 

11 

7° 

65  3 

85 

00 

\l 

8 

39 

20 

53 

34 

H 

49 

H 

66  15 

84  53 

9 

2? 

21 

44 

35 

10 

50 

19 

67  27 

86  10 

10 

H 

22 

36 

36 

7 

51 

24 

68  39 

87  26 

II 

2 

23 

27 

37 

4 

52 

29 

69  52 

88  43 

*5 

II 

V 

30 

24 

19 

45 

38 

2 

60 

53 

35 

75 

71  5 

00 

90  0 

Wherefore  you  may  lay  the  Ruler  to  the  Center  A,  and  7 gr.  52  m> 
in  the  Quadrant  B  C,  the  Point  where  the  Ruler  erofieth  the  Horizon 
fhall  be  10  gr.  in  the  Horizon,  and  fo  for  the  reft  :  But  the  Lines  of 
diftinftion  between  each  fifth  Degree  will  be-  beft: drawn  from  the  Cen¬ 
ter  H," 

The  third  Table  for  drawing  of  the  Hour' lines  muft  be  a  Table  of  the 
Altitude  of  the  Sun  above  the  Horizon  at  every  Hour,  efpecially  when  he 
cometh  to  the  Equator,  theTropicks,  and  (ome  other  intermediate  De* 
donations. 

If  the  Sun  be  in  the  Equator*  and  fohave  no  Declination, 

As  the  Sine  of  90  gr. 

to  the  Co- fine  of  the  Latitude : 

So  the  Co- fine  of  the  Hour  from  the  Meridian , 
to  the  Sine  of  the  Alt  Unde.  . 

J  I  .  ^  \  4,,  'Trv .  \  . 

Thus  in  our  Latitude  of  5  x  gr.  at  fi&Hours  from  the  Meridian 
thtSun  will  have  no  Altitude,  at  five  the1  Alcitu^willbe  9  gr*  17  m.  at 

four 


Sm. 
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four  18  gr.  8  m.  at  three  16  gr.  7  m.  at  two  3  i  gr.  37  at  one  36  gr. 
58  m.  at  Noon  it  will  be  38 gr,  30  m.  equal  to  the  Complement  of  the 

Latitude.  .  ,  ”  . 

If  the  Sun  have  Declination,  the  Meridian  Altitude  will  be  round  as 

before,  for  the  Table  of  Days  and  Months. 

If  the  Hour  propofed  be  fix  in  the  Morning  or  fix  at  Night, 


As  the  Sine  of  90  gr. 

to  the  Sine  of  the  Latitude: 

S@  the  Sine  of  the  Declination , 

to  the  Sine  of  the  Altitude . 

•  >  .  '  .  ,  -  .  /  v  1 

Thus  in  our  Latitude  the  Declination  of  the  Sun  being  2\gr.  3° 
Altitude  will  be  found  to  be  i Sgr.  H  «»  the  Declination  being  I 1  gr, 
30  m.  the  Altitude  will  be  9  gr. 

If  the  Hour  propofed  be  neither  twelve  nor  fix, 

jf 

As  the  Co- ftne  of  the  Hour  from  the  Meridian, 

to  the  Sine  of  90  gr.  ,  , 

So  the  Tangent  of  the  Latitude, 

to  the  Tangent  of  a  fourth  tArl^ 

So  in  our  Latitude^  and  one  Hour  from  the  Meridian,  this  fourth  Ark 
will  be  found  robe  %igr.  18  m.  at  two  *tfgr.  2  6  m.  at  three  60  gr. 
at  four  6S  gr.  2  2  *»  and  at  five  Hours  from  the  Meridian  78  gr.  n  m. 

Then  confider  the  Declination  of  the  Sun,  and  the  Hour  propofed ;  if 
the  Latitude  and  Declination  be  both  alike,  as  with  us  in  North  Latitude, 
North  Declination,  and  the  Hour  fall  between  Noon  and  fix,  take  the 
Dedinationout  of  the  fourth  Ark, the  remainder  fhall  be  your  fifth  Ark. 

But  if  either  the  Hour  fall  between  fix  and  midnight,  or  the  Latitude 
and  Declination  (hall  be  unlike,  add  the  Declination  unto  the  fourth  Ark, 
and  the  fum  of  both  fhall  be  your  fifth  Ark :  or  if  the  fum  fhall  exceed 
90  gr«  you  may  take  the  Complement  unto  iSo^r.  This  fifth  Ark  be¬ 
ing  known, 


lAs  the  Sine  of  the  fourth  tArkj 
to  the  Sine  of  the  Latitude  \ 

S o  the  Co-fine  of  the  fifth  ^Ark* 

to  the  Sine  oftohe  Altitude • 

Thai 
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Thus  in  our  Latitude  of  $  i  gr.  30  m.  Northward,  the  Sun  having 
2%gr.  l*m,  of  North  Declination,  if  it  fhall  be  required  to  find  the  Al¬ 
titude  of  the  Sun  for  feven  in  the  Morning  s  here  (becaufe  the  Latitude 
and  Declination  are  both  alike  t©  the  Northward,  and  the  Hour  propofed 
falleth  between  Noon  and  fix)  you  may  take  tlgr.  go  m.  the  Ark  of  the 
Declination,  out  of  y8^r.  22  m,  the  fourth  Ark  belonging  to  the  fifth 
Hour  from  the  Meridian,  fo  there  will  remain  gr,  5  2  m.  for  your  fifth 
Ark :  Then  working  according  to  the  Canon,  you  (hall  find. 

As the  Sine  of  78  gr.  22  m.  your  fourth  Ark, > 
to  the  Sine  of  51  gr,  30  m ,for  the  Latitude  : 

So  the  Sine  of  35  gr.  8  m.  the  Complement  of  your  fifth  Arf^y 
to  the  Sine  of  ly  gr.  17  m.  the  Altitude  required. 

If  in  the  fame  Latitude  and  Declination  it  were  required  to  find  the 
Altitude  for  five  in  the  Morning,  here  the  Hour  falling  between  fix  and 
Midnight,  if  you  add  2$gr.  30  m.  unto' 78  gr.  22  m.  the  fum  will  be 
101  Sr*  and  the  Complement  to  iSo^r.  will  be  78^.  8«*.'for 
your  fifth  ArL  Wherefore, 
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jog  To  find  the  Altitude  of  the  Sml 
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Conferatur  Arcus  B  H  cum  Arcu  Declmationis  D  Sf  ita  dabitur  Arcm, 
HSy  cujus  Compl.  eft  S  R  &  prius  dr*  Arcus  quint**,  Unde  erity 

Ut  Cofi.P  Ry  Hoc  efiy  Ht  Sins  B  Ry 
adCofi.P  Z :  ad  S  in*  E  Z  • 

Ita  Cofi.  S  Ry  Ita  Sin .  HS , 

ad  Cofi .  S  Z ,  ad  Sin •  AS* 

Hinc  forte  prafiahit  vocare  H  S  At  cum  quintumy  it  a  fecund  a  operath 
inftituetur  per  folos  fmus. 

Vel  filibet  fubtrattmem  finm  quarti  Arcu*  evitarty  invenUtur  Angulm, 
@>HDquod  peri  potefi  variis  modis.  Natty 


i,  Ut  Radius  y 

2  ♦  Ut  Sin.  D  Hy. 

adSin*Ang,0: 

ad  Sin  0 : 

It*  Cofi*  Lat.  O  Dj 

It  a  Sin,  7)  Oy 

ad  Cofi*  An.  0  H  D* 

ad  Sin*  H. 

§ .  Ut  Sin.  D  Hy 

Vt  Sin.  D  Ry 

ad  Tan.B  Oz 

ad  Sin •  E  Zy 

It a  Radius , 

It  a  Rad, 

ad  Tan.  Ang.  H. 

ad  Sin ,  H* 

Invtnlo  utcunque  Angulo  ad  Hy  erlt  in  RtBangulo  H  AS*. 

Ut  Sinus  ReEH  Anguli  HA  Sy 
ad  Stmtm  ArcmquktiH Si 
It  a  Sinus  Anguli  aid  Horiz>.  S  H  Ay 
Ad  Sin ,  Solaris  Altitvd’inis  S  A . 

i 

As  the  Sine  of  7$  gr.  22  m. 

to  the  Sine  of  $i  gr.  30  m. 

So  th  Co-fine  of  7Sgr.  8  m, 

to  the  Sine  of  9  gr;  32  m*  for  the  Altitude  required* 

If  in  the  fame  Laticudsof  <1 gr.  3 o».  Northward,  the  Sun  having' 
of  South  Declination,  it  were  required  the  Altitude  for 
nine  in  the  Morning  1  Here,  beeaufe  the  Latitude  and  Declination 

'  '  ~  dlv. 


TV  find  the  Altitude  of  the  Sun*  soy 

are  Unlike,  the  one  North,  and  the  other  South,  you  may  add  2  5  gr” 
30  m.  the  Ark  of  Declination,  unto  6o  gr.  35?  w.  the  fourth  Ark  be¬ 
longing  to  the  third  Hour  from  the  Meridian  $  fo  (hall  you  have  84  gr. 
9  m\  for  your  fifth  Ark.  Wherefore,  ,  1 

t/is  the  Sine  of  60  gr.  39  m. 

to  the  Sine  of  5 1  gr.  30  m. 

So  the  Co- fine  of  84  gr.  9  m. 

to  the  Sine  of  5  gr.  1 5  m.  for  the  ^Altitude  required. 

m  * »  ’  *  .  "  ■  :r|  * 

And  fo  by  one  or  other  of  thefe  means  you  may  find  the  Altitude  of 
the  Sun  for  any  Point  of  the  Ediptick  at  all  Hours  of  the  Day,  and  fee 
them  down  in  fuch  a  Table  as  this. 
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i/i  Table  for  the  «, Altitude  of  the  Sun  in  the  beginning  of  each  Sign 
at  all  Honrs  of  the  Da) ,  calculated  for  51  gr.  jo  m,  of  North 
Latitude * 
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!  Laftlyi  You  may  find  what  Declination  the  Sun  hath  when  he  rifeth 
or  'fetteth  at  any  Hour. 
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jog  The  mriner  ef&umng  the  timr^Unesl 

Ai  the  Sine  of  go  gr.  .  • 

*  to  the  Sine  of  the  Hour  from  fix  : 

So  the  Co- tangent  of  the  Latitude, 
to  the  Tangent  of  the  Declination • 


And  fo  in  the  Latitude  of  gr.  30  m.  youftiall  find  that  when  the 
Sun  rifeth,  either  at  five  in  the  Summer,  or  feven  in  the  Winter,  his  De^ 
clinationis  11  gr.  37  m.  when  he  rifeth  at  four  in  the  Summer,  or  eight 
in  the  Winter,  his  Declination  is  21  gr.  40  m.  which  may  be  alfo  fet 
down  in  the  Table. 

That  done ,  you  may  there  fee,  that  in  this  Latitude  the  Meridian 
Altitude  of  the  Sun  in  the  beginning  of  $  is  62  gr.  in  H  5  $  gr.  42  m. 
in  y  gr.  in  y  38  gr.  30  m.  See.  But  the  beginning  of  S  and  Vi  is 
reprefented  by  theTropick  T  D,  drawn  at  23^.  30 m.  of  Declination,, 
and  the  beginning  of  rand  a,  by  the  Equator  EF.  If  you  draw  an 
occult  Parallel  between  the  Equator  and  the  Tropick,  at  1 1  gr.  30  m.  of 
Declination,  it  (hall  reprefent  the  beginning  of  fR,  Hl>  and  H,  if 
you  draw  another  occult  Parallel  through  20  gr.  12  m.  of  Declination, 
it  fhall  reprefent  the  beginning  of  £,  £1,  V*,  and  tm. 

Then  you  may  lay  a  Ruler  to  the  Center  A>  and  62^r.  in  the  Qua¬ 
drant  BC,  and  note  the  Point  where  it  crofTeth  the  Tropick  of  $$  then 
move  the  Ruler  to  58 gr.  5:2  m.  and  note  where  it  crofTeth  the  Parallel  of 
rjjj  •  then  to  5  o gr .  and  note  where  it  crofTeth  the  Parallel  of  ;  and  again 
to  30  m.  noting  where  it  crofTeth  the  Equator,:  fo  the  Line  drawn 
through  thefe  Points  fhall  fhew  the  Hour  of  1 2  in  the  Summer,  while  the 
Sun  is  in  r>  R>  or  TO.  In  like  manner,  if  you  lay  the 

Ruler  to  the  Center  A,  and  27  gr.  in  the  Quadrant,  and  note  the  Point 
where  it  crofTeth  the  Parallel  of  K  >  then  move  it  to  1 8  gr.  1$  m.  and 
note  where  it  crofTeth  the  Parallel  of  m ;  and  again  to  15  gr.  noting  where 
it  crofTeth  the  Tropick  of  Vi  ;  the  Line  drawn  through  thefe  Points  fhall 
ihewtheHoor  of  1 2  in  the  Winter,  while  the  Sun  is  in;  tat,  HI,  V,  W# 
and  K*  fo  ^ay  you  draw  the  reft  of  thefe  Hour- lines:  ©nly  that 
of  7,  from  the  Meridian  in  the  Summer,  and  yin  the  Winter,  willcrofs 
the  Line  of  Declination  at  1 1  gr.  37  m.  and  that  of  8  in  the  Summer, 
and  4  in  the  Winter,  at  2 1  gr*  40  m. 

The  fourth  Table  for  drawing  of  the  Azimuth-lines  muft  likewifebe 
fitted  for  the  Altitude  of  the  Sun  above  the  Horizon  at  every  Azimuth, 

efpecialiy 


R 


to  find  the  Suns  Altitude  for  the  Azirnt h  and  Latitude,  i  of 

efpecially  whenhe  cometh  to  the  Equator,  theTropicks,  and  Come  other 

iaterraediate  Declination.  _  .. 

If  the  Sun  be  in  the  Equator,  and  [o  have  no  Declination, 

As  the  Sine  of  90  gr- 

t0  the  Co- fine  of  the  Azimuth  frm  the  Meridian  r 
So  the  Cotangent  of  the  Latitude, 

to  the  Tangent  of  the  Altitude  at  the  Equator, 

Thus  in  oar  Latitude  of  5 1  gr.  3°  w.  at  90^.  from  the  Meridian  the 
Sun  will  have  no  Altitude;  at  80  gr.  the  Altitude  will  be  7gr.  5a  *>. 
at  70  fr.it  will  be  1 J  fr.  ;o»,  at6o^r.  it  will  be  21^.411**. 

If 'the  Sun  have  Declination,  the  Meridian  Altitude  will  be  eafi  y 
found  as  before,  for  the  Table  for.Days  and  Months.  And  for  all  other 

Azimuths, 

As  the  Sine  of  the  Latitude, 

to  the  Sine  of  the  Declination  : 

So  the  Co-fine  of  the  Altitude  at  the  Equator, 
to  the  Sine  of  a  fourth  Ark • 

When  the  Latitude  and  Declination  are  both  alike  in  all  Azimuths 
from  the  prime  Vertical' unto  the  Meridian,  add  this  fourth  Ark  unto  the 

Ark  of  Altitude  at  the  Equaton  ,  ,  ,  • 

When  the  Latitude  and  Declination  are  both  alike  ,  and  the  Azi¬ 
muth  more  than  £>0£r.  diftant  from. the  Meridian,  take. the  Altitude  at 

the  Equator-out  of  this  fourth  Ark. 

When  the  Latitude  and  Declination  are  unlike,  take  this  fourth  Ark 
out  of  the  Ark  of  Altitude  af  the  Equator,  fo  lhall  you  have  the 

Altitude  of  the  Sun  belonging  to  the  Azimuth.  ..  . 

Thus  in  our  Latitude  of  51  p.  3°  ®r  Northward,  if  it  were, 
required  to  find  the  Altitude  of  the  Sun  m  the  Azimuth  of  60  gr. 
from  the  Meridian,  when  the  Declination^  23  gr  30  North¬ 
ward,  you  may  find  the  Altitude  at  the  Equator  belonging  to  this 
Azimuth  to  be  2 1  gr.  43  »*•  by  the  former  Canon;  and  bythis  laft 
Canon  you.may  find  the  fourth  Ark  to  be  28  gr.  *5  »•  Then 
caufc  the  Latitude  a«d  Declination  are  both  alike  to  the  Northward, 
if  you  add  them  both  together,  you  lhall  have  4?  P '  $  0 

Altitude  required.  Q  M 
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I  1  ables  for  the  Altitude  of  the  Sun  in  the  beginning  of  each  Sign  for 

every  tenth  Azimuth. 
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Tht  Itfcriptkn  of  the  Azimuths.  ul 

If  the  Declination  had  been  z^  gr.  jo  w,  to  the  Southward  ,  you 
|Hould  then  have  taken  this  fourth  Ark  out  of  the  Ark  at  the  Equator ; 
vhich  becaufe  it  cannot  here  be  done,  it  is  a  hgn  that  the  Sun  is  not  chen 
nbove  the  Horizon:  Bit  if  you  take  the  Ark  at  the  Equator  out  of  this 
ourth  Ark,  you  (hall  have  6  gr.  54  m.  for  the  Altitude  of  the  Sun  when 
le  is  in  the  Azimuth  of  60  gr.  from  the  North,  and  no|r,  from  the 
iouth  part  of  the  Meridian.  The  like  reafon  holdeth  for  the  reft  of  thefe 
Mtitudes,  which  may  be  gathered,  and  let  down  in  a  Table* 

Laftly,.  when  the  Sunrifeth  or  fecteth  upon  any  Azimuth,  to  find  his 
peclination. 

As  the  Sine  of  90  gr. 

to  the  Cofine  of  the  Latitude : 

So  the  Co-fine  of  the  Azimuth  from  the  LMerictUny 
to  the  Sine  of  the  Declination . 


tA  Table  for  the  Altitude  of  the  Sun  in  the  beginning  of  each  Sign  for 
every  tenth  Az,imuth^  in  5 1  gr.  30  m.  of  North  Latitude. 
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And  thus  in  our  Latitude  of  5 1  gr ,  30  m*  when  the  Azimuth  is  2ogr . 

from-, 
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llz  The  Inscription  of  the  Azimuths  : 

from  the  Meridian,  the  Declination  will  be  found  to  be  6gr.  12  m,  it 
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the  Azimuth  be  70  er.  the  Declination  will  be  found  1  l|t.l8w.  if  do/c. 
then  i8^r.  8«.  And  (0  for  the  reft,  which  may  be  alfo  fee  down  m  the 


Table. 


LDlC» 

That  done,  if  you  would  draw  the  Line  of  Eaft  or  Weft,  which  is 
00  from  the  Meridian,  lay  the  Ruler  to  the  Center  A,  and  30  gr; 
38  m.  numbred  in  the  Quadrant  from  C  toward  B,  and  note  the  Point 
where  it  crofl'eththeTropickof  $3  then  move  the  Ruler  to  16 gr.  10  m. 
and  note  where  it  crolTcch  the  Parallel  of  H  ;  then  to  14  gr.  4J  and 
note  where  itcrofleth  the  Parallel  of  »;  then  to  ojr.o  w.and  you  (haK 
find  iteocrofsthe  Equator  in  the  Point  F  :  fo  a  Line  drawn  through  thefe 
Points  fhall  ihew  the  Azimuth  belonging  to  Eaft  and  Weft.  The  like 

reafcnholdeth  for  all  the  reft.  ,  T  ■ 

Thefe  Lines  being  thus  drawn,  if  you  fet  two  Sights  uponthe  Line 
A  C,  and  hang  a  Thi  ed  and  Plummet  on  the  Center  A  ,  with  a  Bead 
upon  the  Thred,  the  Fore-  fide  of  the  Quadrant  fhall  be  fully 

On  the  Back-fide  of  the  Quadrant  you  may  place  the  Notturnal  de- 
feribed  before  in  thellfe  of  the  Seiftor,  which  confifteth  of  two  parts. 

The  one  is  an  Hour- Plane,  divided  equally  according  to  the  24  Hour: 
of  the  Day,  and  each  hour  into  Quarters,  or  Minutes,  as  the  Plane  will 
bear.  The  Center  reprefents  the  North  Pole,;  the  Line  drawn  through 
the  Center  from  XII  to  XII  ftands  for  the  Meridian,  and  the  lower  XII 

ftands  for  the  Hour  of  XII  at  midnight. 

The  other  part  is  a  Rundlefor  fuch  Stars  as  are  near  the  North  Pole, 
together  with  the  twelve  Months,  and  the  Days  of  each  Month,  fitted  tc 
the  Right  Afcenfion  of  the  Sun  and  Stars,  in  this  manner, 

Firft,  confider  where  the  Sun  will  be  at  the  beginning  ofthe  5,  10 
it,  20,  25,  30,  and,  if  you  will,  every  day  of  each  Month,  ana  fine 
the  Right  Afcenfion  belonging  to  the  place  of  the  Sun,  as  I  lhewec 

^  For  example :  The  Sun  at  midnight,  thelaft  of  Dumber,  or  begin¬ 
ning  of  January,  will  be  cmmmibm  amis  about  2°  gr.  4c \m.  of  W 
whofe  Right  Afcenfion  is  292  20  m.  At  midnight,  the  laft  of  jam- 

ary,  or  beginning  of  February,  he  will  be  about  23  gr.  12  w.of  «»,wh0fi 
Right  Afcenfion  is  SHS'-  35  m.  and  fo  the  reft,  which  may  be  fet  dowr 

in  a  Table.  .  '  f  *  _ 

That  done,  confider  the  Longitude  and  Latitude  of  the  Stars,  aac 

thereby  find  their  Right  Afcenfion  and  Declination  as  I  fhewed  before, anc 

fet  them  down  m  a  Table.  Thefe  Tables  thus  made,  let  the  uppernaof 

nari 


•  ThiVjetf  the  Quadrant.  ~  Hj 

part  of  the  Rundle  be  made  even  with  che  innermoft  Circle  of  the  Hour- 
Plane,  and  a  convenient  fpace  allowed  to  contain  the  divifions  for  the 
Days,  and  names  of  the  Months.  Then  lay  the  Center  of  this  Rundle 
upon  the  Center  of  fame  other  Circle  divided  into  260  or.  and  bv  the 
Center  and  *9%gr  2a  m.  in  that  Circle,  draw  a  Line  for  the  begin n m2  of 
la  like  manner,  by  the  Center  and  324^.  jy  m.  draw  a  Line 
tor  the  end  January  and  beginning  of  February  ;  and  fo  the  reft  of  the 
Days  or  each  Month. 

For  the  Infcription  of  the  Stars,  let  one  of  the  Lines  from  the  Center, 
as  that  at  the  beginning  of  July,  or  rather  let  a  movable  Index  be  divided 
from  the  Center  toward  the  inward  Circle  of  the  Months  into  40  or 
more  or  lefs,  which  may  be  done  for  fpeed  equally,  but  for  exaftnefs  in 
fuch  manner  as  the  Semidiameter  of  the  General  Aftrolabe  was  divided 
before  in  the  Ufe  of  the  Sector.  So  laying  the  Index  to  the  Right  Afcen- 

fion  in  the  outward  Circle,  you  may  prick  down  the  Stars  by  their  De- 
dination  in  the  Index.  3 

For  example:  If  the  Right  Afcenfion  of  the  Pole-ftar  be  6  or.  2 Sm, 
and  his  Declination  87  £r.  20  m.  having  fet  the  Center  of  the  Index  both 
to  the  Center  of  the  Rundle  and  of  the  other  Circle ,  turn  the  Index  to 
6gr.zS  m.  in  that  outward  Circle,  and  prick  down  the  Star  by  87  or 

Tm‘  Index>  thatis>  at  the  diftance  of  2 or.  40  J 

from  the  Pole.  The  like  reafon  holdeth  for  the  reft  of  the  Stars,  which 

may  e  diftinguifhed  according  to  their  Magnitudes,  and  then  be  reduced 
forDayrand0Nighc'  “  theExamPle'  So  Quadrant  will  be  fitted  both 


CHAP.  II. 

Of  the  Vft  of  the  Quadrant,  in  taking  the  Altitude  of  the  Sun, 

Aioofty  and  Stars • 

TpHe  Quadrant  is  the  fourth  part  of  a  Circle  divided  equally  into 

b”  “» *>*•«* 

mavnl,1?  ne  Cuntu  °cjhe  9Jjadrant  (o  as  the  Thred  with  the  Plummet 

both  LW  J  nt!,C  °L1C’  and  dle  Sun- beams  may  pals  through 

Altimd.^  S-f°  urhe  Degrees  cut  bythe  Thred  (hew  what  is  the 
ude  at  the  time  of  oblervation,  as  may  appear  by  this  Example. 

^  P  P  Upon 


1 


3*4 


« Tbt  «f  the  Ecliptick'. 


Upon  the  14  day  of  April, about  Noon, the  Sun- beams  parting  through 
both  the  Sights,  the  Thred  fell  upon  51  gr.  20  m.  and  this  was  the  true 
Meridian  Altitudeof  the  Sunfor  that  day,  in  this  our  Latitude  of  5  tgr, 
*0  m.  for  which  this  Quadrant  was  made. 

Again,  towards  three  of  the  Clock  in  the  afternoon  the  Thred  fell  upon. 
38  »r.  40  ns.  and  fuch  was  the  Suns  Altitude  at  that  time. 


CHAP.  III. 

Of  the  ECLITTICR. 

\ 

1,  The  Place  of  the  Sm  being  given,  to  find  his  Right  Afcenfion; 


Its  He  Ecliptick  is  here  reprefented  by  the  Ark  figured  with  the  Chara- 
dersof  the  r2  Signs,  T,  »,  H,  &c.  each  Sign  being  divided  un¬ 
equally  into  3©  gr.  and  they  are  to  be  reckoned  from  the  Charafter  ©f  the 

Sjcn*  *  * 

Let  the  Thred  be  laid  on  the  place  of  the  Sun  in  the  Ecliptick,  and  the 
Degrees  which  it  cutteth  in  the  Quadrant  fhallbe  the  Right  Afcenfion  re¬ 
al's  if  the  place  of  the  Sun  given  be  the  fourth  Degree  of  JI ,  the  Thred 
laid  on  this  Degree  (hall  cut  <2 gr,  in  the  Quadrant,  which  is  the  Right 

Afcenfion  required.  •  .  . 

But  if  the  place  of  the  Sun  given  be  more  than  90 gr.  from  the  begin¬ 
ning  of  r,  there  muft  be  more  than  90 gr.  allowed  to  the  Right  Afcenfi¬ 
on  ;  for  this  Inftrument  is  but  a  Quadrant.  And  fo  if  the  Sun  be  in  16 gr. 
of  $ ,  you  (hall  find  the  Thred  to  fall  in  the  fame  place,  and  yet  the  Right 
Afcenfion  to  b*  1 1  &gr. 


s.  The  Right  Afcenfion  of  the  Sun  leing  given, t*  find  his  Place  in  the 
Ecliptick* 


Let  the  Thred  be  laid  on  the  Right  Afcenfion  in  the  Quadrant,  and  it 
fhall  crofs  the  place  of  the  Sun  in  the  Ecliptick ,  as  may  appear  in  the  for¬ 
mer  Example. 


•t-ij 


CHAP. 
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CHAP.  IV. 

Of  the  Line  of  Declination: 

2.  The  Place  of  the  Sun  being  given,  to  find  his  Declination ; 

T He  Line  of  Declination  is  here  drawn  from  the  Center  to  the  begin¬ 
ning  of  the  Quadrant ,  and  divided  from  the  beginning  of  V, 
downward  into  23 gr.  30  m. 

Let  the  Thred  be  laid)  and  the  Bead  fet  on  the  Place  of  the  Sun  in  the 
Ediptick*  then  move  the  Thred  to  the  Line  of  Declination,  and  there 
the  Bead  (hall  fall  upon  the  Degrees  of  the  Declination  required. 

As  if  the  place  of  the  Sun  given  be  the  fourth  Degree  of  n,  the  Bead 
firft  fet  to  this  place,  and  then  moved  to  the  Line  of  Declination,  {hall 
there  fhew  the  Declination  of  the  Sun  at  that  time  to  be  2 1  gr ,  from  the 
Equator* 

2.  The  declination  of  the  Sun  being  given  ,  to  find  his  place  in  the 
Ecliptickj 

Let  the  Thred  aad  Bead  be  firft  laid  to  the  Declination,  and  then  mo¬ 
ved  to  the  Ecliptick. 

As  if  the  Declination  be  2*  gr.  the  Bead  firft  fet  to  this  Declination, 
and  then  moved  to  the  Ecliptick,  fhall  there  fhew  the  fourth  of  jj,  the 
fourth  of  ip,  the  26  of  $,  and  the  2 6  of  ty ;  and  which  of  thefe  four  is 
the  place  of  the  Sun,  may  appear  by  the  Quarter  of  the  Year. 


CHAP.  V, 


Of  the  Circle  of  Months  and  Days . 

■  w  \ 1  .  .  •, 

THis  Circle  is  here  reprefented  by  the  Ark  figured  with  thefe  Letters, 
J>  F>  M,  A,  M,  &c.  fignifying  the  Months  January ,  February, 
March,  April,  &c.  each  Month  .being  divided  unequally,  according  to 
the  number  of  the  Days  that  are  therein. 

h.'  'y  Ppp*  A  Table 


( 


it  6  The  Vfe 


of  the  Circle  of  Months  md  <Dajs. 


A  Table  for  the  Jnfcriptkn  of  the  (^Months  in  the  Notturnal. 


Dies. 

0 

5 

10 

x5 

20 

25 

30 

/  •  - 

Menf 

Gr. 

M. 

Gr. 

M. 

Gr. 

M. 

Gr. 

M. 

Gr. 

M 

Gr. 

M. 

Gr. 

M. 

January 

292 

20 

297 

46 

303 

7 

CO 

0 

1  m 

21 

3i3 

30 

318. 

£36 

323 

36 

February 

324 

35 

329 

28 

334 

16 

339 

1 

343 

42 

348 

21 

18 

,  * 

March 

351 

x7 

355 

52 

0 

26 

4 

58 

9 

30 

x4 

2 

34 

tApril 

19 

30 

24 

4 

28 

421  3  3 

23 

38 

5 

42 

52 

47 

42 

May 

47 

42 

52 

35 

57 

32 

62 

34 

67 

39 

72 

45 

77 

52 

June 

7*3 

55 

84 

s 

89 

17 

94 

28 

99 

39 

104 

48 

109 

55 

July 

109 

55 

115 

0 

12© 

0 

124 

58 

129 

54 

>34 

45 

x39 

30 

Auoufl 

140 

27 

x45 

9 

149 

48 

x54 

25 

159 

0 

163 

32 

168 

0 

Septemb . 

168 

57 

x73 

26 

177 

56 

182 

26 

186 

56 

191 

28 

196 

5 

October 

196 

5 

200 

45 

205 

25 

210 

12 

215 

3 

220 

0 

S25 

0 

Novemb . 

226 

2 

23  1 

10 

236 

23 

241 

40 

247 

2 

252 

30 

258 

2 

Decemb . 

258 

2 

263 

35 

269 

8 

274 

42 

280 

16 

2§5 

46 

291 

15 

1.  The  Day  of  the  Month  being  given ,  to  find  the  Altitude  of  the  Sun 

at  *tyon. 

I  .  "  .  I 

let  the  Thred  be  laid  to  the  Day  of  the  Month,  and  the  Degrees  whieh 
it  cutteth  in  the  Quadrant  (hall  be  the  Meridian  Altitude  required. 

As  if  the  Day  given  be  the  15  of  May,  the  Thred  laid  on  this  day 
Ihall  cut  59£r.  30  m,  in  the  Quadrant,  which  is  the  Meridian  Altitude 

required. 

2.  The  Meridian' Altitude  being  given ,  to  find  the  Day  of  the  Month . 

The  Thred  being  fet  to  the  Meridian  Altitude*  doth  alfo  fall  on  the  day 
of  the  Months 

As  if  the  Altitude  at  Noon  be  59  grf  30  m.  the  Thred  being  fet  to  his 
Altitude,  doth  fall  on  the  1 5  of  May ,  and  the  9  of  July  \  and  which  of 
thefe  two  is  the  true  day,  may  be  known  by  the  quarter  of  the  year,  or  by. 
another  days  Obfervation.  For  if  the  Altitude  prove  greater,  the  Thred 
will  fall  on  the  16  day  of  May ,  and  the  8  of  July  or  if  it  prove  leffer* 

,  ..  the. 


The  Vfi  if  the  Hour-lines*  1  *7 

the  Thred  will  fall  on  the  14  of  May,  and  the  10  of  July ;  whereby  the 
queftion  is  fully  anfwered. 


CHAP.  VI. 

Of  the  Hour- lints* 

THat  Ark  which  is  drawn  upon  the  Center  of  the  Quadrant  by  the 
beginning  of  Declination,  doth  here  represent  the  Equator :  Thai 
Ark  which  is  drawn  by  2]  gr.  30  m.  of  Declination,  and  is  next  above  the 
Circle  of  Months  and  Days,  reprefenteth  theTropicks:  T  . Lm<*? 
which  are  between  the  Eq[uator  and  theTropicks,  being  undivided,  and 
numbred  at  the  Equator  by  <*,7,8,9, 10,  n,  12  ;  at  the  Tropick  by 
1  2,  3, 4,  &c-  doreprefentthe  Hour-circles:  That  which  is  drawn  trom 
tain  the  Equator  to  the  middle  of  Jane,  reprefenteth  the  Hour  ot  12  at 
Noon  in  the  Summer*,  and  thofe  which  are  drawn  with  it  to  the  rig  it 
hand,  are  for  the  Hours  of  the  Day  in  the  Summer,  and  the  Hours  ot  the 
Night  in  the  Winter:  That  which  is  drawn  from  1  2  in  the  Equator,  to 
the  middle  of  December,  reprefenteth  the  Hour  of  l 2  in  the  Winter  *  an 
thofe  which  are  drawn  with  it  to  the  left  hand,  are  for  the  Hours  0  c  ® 
Day  in  the  Winter,  and  the  Hours  of  the  Night  in  the  Summer ;  and  ot 
boththefe,  that  which  is  drawn  from  1 1  to  1  fervesfor  n  in  the  tore- 
noon,  and  1  in  the  afternoon;  that  which  is  drawn  from  10  to  2,  lerves 
for  10  in  the  forenoon,  and  2  in  the  afternoon  :  for  the  Sun  on  the  lame 
day  is  about  the  fame  height  two  Hours  before  Noon,  as  two  Hours  a  tei 
Noon.  The  like  reafon  holdeth  for  the  reft  of  the  Hours. 

I,  The  Day  of  the  Months  or  the  Height  at  Noon  being  known,  to  find 
the  Place  of  the  Sm  in  the  Ecliptic k- 

9 

The  Thred  being  laid  to  the  day  of  the  Month,  or  the  height  at  Noon, 

(for  one  gives  the  other  by  the  former  Propolicion)  mark  where  it  crolfeth 

the  Hour  of  12,  and  fet  the  Bead  to  that  Interfe&ion  ;  then  move  the 
Thred  till  the  Bead  fall  on  the  Ediptick,  and  it  (hall  fail  on  the  place  of 

the  Sun.  ;  , 

Asif  the  day  given  be  the  15  of  May,  or  the  Meridian  Altitude  59  m 
30  m.  lay  the  Thred  accordingly,  and  put  the  Bead  to  the  Incerfe£tion  of 

the  Thred  with  the  Hour  of  12  5  then  move  the  Thred  till  the  Bead  fall 

on 
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on  the  Ediptick,  and  it  dial!  there  (hew  the  fourth  of  H,  the  fourth  6i 

the  2 6  of  $,  and  the  2 6  of  vf  ;  and  which  of  thele  is  the  place  ol 
.the  Sun,  may  appear  by  the  Quarter  of  the  Year,  or  another  days  obser¬ 
vation. 

2.  The  place  of  the  Sun  in  the  Ecliptic^  being  kpow,  to  find  tbe  J)jy  ij 

the  Month, 

'  let  the  Thred  and  Bead  be  firft  laid  on  the  place  of  the  Sun  in  thcEcli- 

ptick,and  then  moved  to  the  Line  of  12. 

As  if  the  place  of  the  Sun  given  be  the  fourth  of  n,  the  Bead  beinj 
laid  to  this  Degree,  and  then  moved  to  the  Hour  of  12  in  the  Summer 
the  Thred  will  fall  on  the  j  $  day  of  Mayy  and  the  9  of  July  ?  or  if  it  bi 
moved  to  the  H@ur  of  12  in  the  Winter,  the  Thred  will  fall  on  the  6  0 
January ,  and  the  1 6  of  November  :  which  of  thefe  is  the  day  of  thi 
Month  required,  may  appear  by  the  Quarter  of  the  Year. 

In  this  and  the  former  Proportions  you  have  two  ways  to  re&ifie  th 
Bead,  by  the  place  of  the  Sun,  and  by  the  day  of  the  Month :  the  bette 
way  is  by  the  place  of  the  Sun.  ,  for  in  the  other,  the  Leap-year  may  breet 

fome  Small  difference.  . 

There  is  yet  a  third  way:  For  the  Seamen  having  a  Table  for  the  De 
clination  on  each  day  of  the  year,  may  fet  the  Bead  thereto  in  the  Line  0 
Declination, 

3.  The  Hour  of  the  Day  being  given,  to  find  the  Altitude  of  the  Su 

above  the  Horizon. 

The  Bead  being  fet  for  the  time  by  either  of  the  three  ways,  Tet  th 
Thred  be  moved  from  the  Hour  of  12  toward  the  Line  of  Declination 
till  the  Bead  fall  on  the  Hour  given  ;  and  the  Degrees  which  it  cuts  ii 
the  Quadrant,  (hall  fhew  the  Altitude  of  the  Sun  at  that  time. 

As  if  the  time  given  be  the  10  of  April,  the  Sun  being  then  in  th 
beginning  of  >5,  the  Bead  being  reaified,  you  fhall  find  the  Height  a 
Noon  50 gr.  o  m,  at  it  in  the  morning  48 gr,  12 m,  at  10  but  43^ 
•  1 2  m.  at  9  but  3  6 gr.  at  %  but  27  gr.  3  o  m.  at  7  but  1 8  gr.  \ 2  m.  at  6  bu 
9  gr.  at  5  it  meeteth  with  the  Line  of  Declination,  and  hath  no  Altitud 
at  all,  and  therefore  you  may  think  it  did  rife  much  about  that  Hour. 

Then  it  you  move  the  Thred  again  from  the  Line  of  Declination  to 
ward  the  Hour  of  12,  you  fhall  find  that  the  Sun  is  S  gr.  33  m,  belov 

.  fn 
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the  Horizon  at  4  in  the  morning,  and  near  \6gr.  at  3,  and  1 1  gr.  J 1  m- 
at  z,  and  z  y  £r.  40  ***■  at  and  *7  Sr‘^  midnight. 

.  ^  \  -  ' /  .  ■  - 

4.  The  Altitude  of  the  Sun  being  given,  to  find  the  Hour  of  the  Day,  ■ 
j  P 

The  Altitude  being  obferved  as  before,  let  the  Bead  be  fet  for  the 
Itime,  then  bring  the  Thred  to  the  Altitude,  fo  the  Bead  (ball  fhew  the 
'Hour  of  the  day. 

As  if  the  10  of  April,  having  (et  the  Bead  for  the  time*  you  (hall  find 
by  the  Quadrant  the  Altitude  to  be  36  gr.  the  Bead  at  the  fame  time  w;ll 
fall  uponthe  Hour-line  of  9  and  ?  ;  wherefore  the  Hour  is  9  in  the  fore¬ 
noon,  or*  3  in  the  afternoon.  If  the  Altitude  be  near  40  gr.  you  fhal! 
find  the  Bead  at  the  fame  time  to  fall  half  way  between  the  Hour-line  of 
s  and  3,  and  the  Hour- line  of  10  and  2  j  wherefore  it  muft  be  either 
half  an  Hour  paft  9  in  the  morning,  or  half  an  Hour  paft  1  in  the  after¬ 
noon  j  and  which  of  thefe  is  the  nue  time  of  the  day,  maybe  foon 
I  known  by  a  fecond  Obfervation  :  for  if  the  Sun  rife  higher,  it  is  the  fore¬ 
noon  t  if  it  become  lower,  ic  is  the  afternoon.  . 

I  '  ■  r  a 

- 

Si  The  Hour  of  the  Night  being  given ,  to  find  how  much  the  Sun  ii 
below  the  Horizon. 

.  V  0 

!  The  Sun  is  always  f o  much  below  the  Horizon  at  any  Hour  of  the 
j  Night,  as  his  oppofite  Pointis  above  the  Horizon  at  the  like  Hour  cf  the 
Day ;  and  therefore  the  Bead  being  fee,  if  the  queftion  be  made  of  any 
Hour  of  the  Night  in  the  Summer,  then  move  it  to  the  like  Hour  of  the 
Day  in  the  Winter  ;  if  of  any  Hour  of  the  Night  in  Winter,  then  move 
it  to  the  like  Hour  of  the  Day  in  Summer :  fo  the  Degrees  which  the 
Thred  cutteth  in  the  Quadrant  jfhall  fhew  how  much  the  Sun  is  below 
the  Horizon  at  that  time. 

As  if  it  be  required  to  know  how  much  the  Sun  is  below  the.  Horizon 
|  the  16  of  Afril  at  4-of  the  Clock  in  the  Morning,  the  Bead  being  fet  to 
|  his  place  according  to  the  time  in  the  Summer-hours,  bring  it  to  4  of  the 
Clock  in  the  afternoon  in  the  Winter-hours,  and  fo  fhal!  you  find  the 
Thred  to  cut  8  gr .  and  about  30  m.  in  the  Quadrant  j  and  fo  much  is 
the  Sun  below  the  Horizon  at  that  time. 

k.'  ' 

•  t  ,  ; 

&,  Th§  - 
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520  ‘  TheVfeof the  Hour- lines* 

6.  The  Depreffion  of  the  Sun  fappofed,  to  give  the  Hour  of  the  VJgk 
with  or  the  Hour  of  the  Day  to  our  Antipodes • 

Here  alfo,  becaufe  the  Sun  is  fo  much  above  the  Horizon  at  all  Hours  ol 
the  day,  as  his  oppoflte  point  is  below  the  Horizon  at  the  like  Hour  of  th< 
Night ;  therefore  fiift  fet  the  Bead  according  to  the  time,  then  bring  th< 
Thred  to  the  Degree  of  the  Suns  Depreflion  below  the  Horizon,  fo  fhal 
the  Bead  fall  on  the  contrary  Hour-lines,  and  there  (hew  the  Hour  of  th< 
Night  in  regard  of  us,  which  is  the  like  Hour  of  the  Day  to  our  Antipodes 

As  if  the  10  of  April,  the  Sun  being  then  in  the  beginning  of 
and  by  fuppofition  8^r.  30  m.  below  the  Horizon  in  the  Eaft,  ' it  be  re 
quired  to  know  what  time  of  the  Night  it  is  3  firft,  fet  the  Bead  accord¬ 
ing  to  the  Day  in  the  Summer-hours,  then  bring  the  Thred  to  8^r.  30  m 
in  the  Quadrant,  fo  fhall  the  Bead  fall  among  the  Winter-hours  on  th 
Line  of  4  of  the  Clock  in  the  afternoon :  wherefore  to  our  Antipodes  it  i 
4  of  the  Clock  in  their  afternoon,  and  to  us  it  is  then  4  of  the  Clock  ii 
the  morning, 

•  <  .  ,  ✓ 

7*  The  time  of  the  Year,  or  the  plaee  of  the  Sun  being  given ,  to  fint 
the  beginning  of  Day-break and  end  of  Twilight . 

This  Proportion  differeth  little  from  the  former  :  for  the  Day  is  fait 
to  begin  to  break  when  the  Sun  cometh  to  be  but  18  gr.  below  our  Ho 
rizon  in  the  Eaft;  and  Twilight  to  end,  when  it  is  gotten  itgr.  belov 
the  Horizon  in  the  Weft  :  Wherefore  let  the  Bead  be  fet  for  the  time,  an< 
then  bring  the  Thred  to  i  8^r.  in  the  Quadrant,  fo  fhall  the  Bead  fall  01 
the  Contrary  Hour-lines,  and  there  (hew  the  Hour  of  Twilight,  as  before 

So  if  it  be  required  to  know  at  what  time  the  Day  begins  to  break  oi 
the  10  of  April,  the  Sun  being  then  in  the  beginning  of  ;  firft,  fet  th 
Bead  according  to  the  time  in  the  Summer- hours, and  then  bring  theThre< 
to  18  gr.  in  the  Quadrant,  fo  fhall  the  Bead  fall  among  the  Winter 
hours  a  little  more  than  a  quarter  before  3  in  the  morning;  and  that  i 
the  time  when  the  Day  begins  to  break  upon  the  10  of  eApril 

6  —  M  -  - ’Mt 
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CHAP.  VII. 

.  i  I 

Of  the  Horizon* 

THc  Horizon  is  here  rcprefented  by  the  Ark  drawn  from  the  beginning 
of  Declination  towards  the  end  of  February  divided  unequally, 
and  numbred  by  10,20,  go,  40,  &c. 

,/  > 

X»  The  Day  of  the  Month?  or  the  Place  of  the  Sun  being  known*  to  find 
the  Amplitude  of  the  Suns  Rifing  and  Setting . 

Let  the  Bead  re&ified  for  the  time  be  brought  to  the  Horizon, and  there 
i  itfhallflicw  the  Amplitude  required. 

As  if  the  day  given  be  the  15  of  May ,  the  Sun  being  in  the  fourth  De- 
j  greeof  E,  the  Bead  redified  and  brought  to  the  Horizon,  fhall  there  fall 
on  35 gr*  fuch  is  the  Amplitude  of  the  Suns  Rifing  from  the  Eaft, 
and  of  his  fetting  from  the  Weft  ;  which  Amplitude  is  always  North 
I  when  the  Sun  is  in  the  Northern  Signs,  and  when  he  is  in  the  Southern 
Signs  always  Southward. 

. 

2*  The  Day  of  the  Months  or  the  Place  of  the  Sun  king  given,  to  find 
the  Afcenfional  Difference. 

Let  the  Bead  rectified  for  the  time  be  brought  to  the  Horizon,  fo  the 
Degrees  cut  by  the  Thred  in  the  Quadrant  (hall  (hew  the  difference  of  Af- 
I  ccnfions. 

As  if  the  day  given  be  the  I  ?  of  May ,  the  Sun  being  in  the  fourth  De¬ 
gree  of  n,  let  the  Bead  be  rectified  and  brought  to  the  Horizon  3  fo  fhall 
the  Thred  in  the  Quadrant  fhew  the  Afcenfional  difference  to  be  28 gr* 
and  about  50  m.  , 

Upon  the  Afcenfional  difference  depends  this  Corollary. 

1  I  ♦  «s  r  f  e 

To  find  the  Hour  of  the  Rifing  and  Setting  of  the  Sun}  and  thereby  the 
\  length  of  the  T>ay  and  flight. 

|  4. *  0  •  r  *  ■  .  / 

The  time  of  the  Suns  Rifing  may  be  gueffed  at  by  the  $  of  the  laft 
Chapter:  but  here  by  the  Afcenfional  difference  it  may  be  better  found, 

fi.\'  .*  Q and 

■in  \\  ( 


tzz  To  fa*  the  Mur  of  the  Night  hy  the  Stars! 

and  chat  co  a  minute  of  time#  For  if  the  Afcenfional  Difference  .he 
converted  into  time,  allowing  an  Hour  for  ijjr.  and  4  Minutes  of  an 
Hour  for  each  Degree,  it  fheweth  how  long  the  Sun  rileth  before  fix  of  the 
Clock  in  the  Summer,  and  after  fix  in  the  Winter. 

As  if  the  day  given  be  the  1 5  of  .i f ^ t ,  che  Sun  being  in  the  fourth  of 
jr  and  his  Afcenfional  Difference  found  as  before  gr.  jo  m.  this  con¬ 
verted  into  time.rnaketh  1  ho.  and  fomewhac  more  chan  y  y  m.  of  an  Hour: 
wherefore  the  Sun  ar  that  time, in  regard  it  was  Summer, rofe  i  ha.  and  full 
5<  m.  before  6  of  the  clock  ;  and  fo  having  the  quantity  of  the  Semidiur¬ 
nal  Ark,  tlie  length  of  the  Day  and  Night  need  hoc  be  unknown. 


CHAP.  VIII. 

Of  the  Five  Sun, 

IMighthave  put  in  more  Stars,  but  thefe  may  fufficc  for  the  finding  of 
the^Hourof  the  Night  at  all  times  of  the  Year :  And  firft  I' make 
choice  of  Ala  Pegafi,  a  Star  in  the  extremity  of  the  Wing  of  Pegafus ,  in 
regard  it  wants  but  6  minutes  of  time  of  the  beginning  of  T  ;  but  becaufe 
it  is  but  of  the  fecond  magnitude  ,  and  not  always  to  be  feen,  I  made 
choice  of  four  more,  one  for  each  quarter  of  the  Ediptick,  as  OchIm  tf , 
The  Bulls  Eye*  whofe  Right  Afcenfion  converted  into  time  ,  is  4  ho*  1 5 
then  of  Cor  &,  The  Lions  Hearty  whofe  Right  Afcenfion  is  gko.fim. 
next  of  ArttnrtUy  whofe  Right  Afcenfion  is  i$ho.$%v*.  and  laftiyof 
Aqnila,  or  The  Vultures  Hearty  whofe  Right  Afcenfion  is  19  ho.  33 
Thefe  five  Stars  have  all  of  them  Northern  Declination ;  and  if  any 
others,  fome  of  thefe  will  be  feen  at  all  times  of  the  Year.  Theufeof 
them  is, 

■  i  v  ■  -  1  r  .■ 

The  altitude  of  any  of  tkfe  five  Stars  being  knom>  to  find  the  Hour  of 
the  Night • 

Firft,  put  the  Bead  to  the  Star  which  you  intend  to  obferve,  take  his 
Altitude, and  find  how  many  Hours  he  is  from  the  Meridian  by  the  fourth 
Prof,  of  the  fixth  Chap .  then  out  of  the  Right  Afcenfion  of  the  Star,  take 
the  Right  Afcenfion  of  the  Sun  converted  into  Hours,  and  mark  the  dif¬ 
ference ;  for  this  difference  being  added  t©  theobferved  Hour  of  the  Stai 
from  the  Meridian,  fhall  (hew  how  many  Hours  the  Sun  is  gone  from  the 
Meridian, which  is  in  effed  the  Hour  of  the  Night*  A: 


The  Vfi  of  the  Azimuth- iirte si  1 z J 

As  if  the  I  5  of  Mayt  the  Sun  being  in  the  fourth  of  H,  I  friould  fet  the 
Bead  to  Artturus%  and  ©bfervinghis  Altitude, fhould  find  him  to  be  in  the 
'  Weft  about  5  i^r.  high,  and  the  Bead  to  fall  on  the  Hour-line  of  2  after¬ 
noon,  the  Hour  would  be  1 1  he.  50  m.  paft  noon, or  10  m.  fhort  of  mid- 
I  night. 

For,  6igr.  the  Right  Afcenfion  of  the  Sun,  converted  into  time,  makes 
!  4  ho. 8  m.  which  if  we  takeout  of  13  ho,  58  m.  the  Right  Afcenfion  of 
ArtturtUy  the  difference  will  be  9  ho.  $Qw.  and  this  being  added  to  2  ho. 

I  the  obferved  diftance  of  ^/trUnrui  from  the  Meridian,  (hews  the  Hour  of 
the  Night  to  be  1 1  ho.  50  m.  Another  Example  will  make  all  more  plain. 

If  the  9  of  Julyy  the  Sun  being  then  in  26  gr.  of  I  fhould  fet  the 
Bead  of  Ocultu  and  obferving  his  Altitude,  fhould  find  him  to  be  in 

1  the  Eaft  about  12  gr.  high,  and  the  Bead  to  fall  on  the  Hour-line  of  6 
before  Noon,  which  is  18  ho,  paft  the  Meridian,  the  Hour  of  the  Night 
would  be  better  than  a  quarter  paft  2  of  the  clock  in  the  morning. 

For,  118 the  Right  Afcenfion  of  the  Sun  ,  converted  into  time,, 
make  7  ho*  52  m.  this  taken  out  of  4  ho,  15  min.  the  Right  Afcen¬ 
fion  of  Qculm  adding  a  whole  Circle,  (for  otherwife  there  could  be 
no  fubtra&ion)  the  difference  will  be  20  60.-23  m.  and  this  being  added 
to  18  ho.  which  was  the  obferved  diftance  of  Oculw  8  from  the  Meridi¬ 
an,  {hews  that  the  Sun  (abating  24 ho.  for  the  whole  Circle)  is  1460.23  m* 
paft  the  Meridian,  and  therefore  23  m.  paft  2  of  the  clock  in  the  morning. 

If  the  N0urnal  be  placed  on  the  back  fide  of  the  Quadrant,  you  may 
avoid  this  Equation  of  Right  Afcenfions*  For  knowing  the  time  of  the 
Year  when  the  Star  will  be  in  the  South  at  midnight,  you  may  bring  that 
time  to  the  Hour  obferved,  then  will  the  Day  of  the  Month  wherein  you 
made  the  Obfervacion  point  at  the  Hour  of  the  Night  required-. 

As  in  the  firft  Example,  where,  on  the  1 5  ©f  May ,  the  Bead  fet  to  Ar~ 
Burn*  fell  on  the  Hour- line  of  2  afternoon,  becaufe  ArBurtu  will  be  in  the 
South  the  14  of  OBober  complete  at  midnight,  you  may  place  the  14  oJ 
OBober  at  the  Hour  of  2,  fo  the  1 5  ©f  May  will  point  to  1 1  ho.  5  o  m.  . 

In  the  fecond  Example,  where  the  9  of  July  the  Bead  fet  to  the  Bulls: 
Eye  fell  on  the  Hour-line  of  6  before  Noon,  becaufe  the  Bulis  Eye  will  be 
in  the  South  the  16  of  May  complete  at  midnight,  you  may  turn  the 
l 6  of  May  to  the  Hour  of  6,  and  fo  you  fhall  find  the  9  of  July  to  point 
260.23  m,  as  before. 

j 
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CHAP.  IX. 

Of  the  ^Azimuth-lines. 

THofe  Lines  which  are  drawn  between  the  Equator  and  the  Tropicksi 
on  that  fide  of  the  Quadrant  which  is  neareft  unto*  the  Sights,  and 
arenumbredby  10,  20,  30,  e£**.  do  reprefent  the  Azimuths;  the  utter* 
moft  towards  the  left  hand  reprefenteth  the  Meridian ;  that  which  is  num- 
bred  with  10,  the  tenth  Azimuth  from  the  Meridian  ;  and  that  which  is 
numbred  with  20,  the  twentieth :  and  fo  the  reft,  Thofe  Lines  which 
are  drawn  from  the  Equator  ro  the  left  hand,  do  (hew  the  Azimuth  in  the 
Summer  ;  and  thofe  other  to  the  right  hand  do  fhew  the  fame  in  the  Win¬ 
ter.  TheUfeof  them  is: 

I.  The  Azimuth  whereon  the  Sun  beareth  from  m  being  known,  to  find 
the  Altitude  of  the  Sun  above  the  Horizon* 

Firft,  let  the  Bead  be  fet  for  the  time?  as  in  the  former  Chapter ;  then 
move  theThred  until  the  Bead  fall  on  the  Azimuth  :  fo  the  Degrees  which 
the  Thred  cuttcth  in  the  Quadrant  (hall  fhew  the  Altitude  of  the  Sun  at 
that  time.  Where  you  are  to  obferve,That  feeing  the  Azimuths  are  drawn 
on  the  right  fide  of  the  Quadrant,  you  are  alfo  to  begin  to  number  the 
Degrees  of  the  Suns  Altitude  from  the  right  hand  toward  the  left :  As  if 
the  Sights  had  been  fet  on  the  Line  A  B,  and  you  had  turned  your  right 
hand  toward^  the  Sun  in  obferving  of  his  Altitude,  contrary  to  our  pra* 
&ice  in  the  former  Chapter. 

As  if  the  time  given  were  the  2  of  Augufiy  when  the  Sun  hath  about 
1  3  gr.  of  North  Declination,  you  may  fet  the  Bead  for  the  time,  fo  you 
fhall  find  the  Height  at  Noon,  when  the  Sun  is  in  the  South,  to  be  j  %gr. 
50  m.  when  heis  logr.  from  the  South  $3gr.  10  m.  when  20  gr .  then 
about  $2^*8  m.  when  30 gr.  then  fogr.io  m.  when  40 gr.  then 47gr, 
48  m.  when  30 gr.  then 44 gr.  11  m.  when  6* gr.  then  39 gr. 3 j  w.when 
70  gr.  then  31  gr.50  m.  when  80  gr.  then  27^.  when  he  is  in  theEaftor 
Weft  90 gr.  from  the  Meridian,  then  is  the  height  near  1 9 gr.  20  m.  when 
he  comes  to  be  10©  gr .  then  1 1  gr.  1  $  m.  when  1 10 gr.  then  3 gr.  20 m. 
and  before  he  cometh  to  the  Azimuth  of  1 20  gr%  he  hath  no  Altitude.  For 
the  Sun  having  1 5  gr.  of  North  Declination,  will  rife  and  fet  at  114^ 
S4  m.  from  the  Meridian.  '  2a  7& 
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l.  The  t/Htitude  of  the  Sun  Mag  given ,  to  find  on  rehat  AxAtuutb  be 
beareth  from  ru* 


Let  the  Bead  be  fet  for  the  time,  and  the  Altitude  obferved  as  before  j 
then  bring  the  Thred  to  the  Complement  of  that  Altitude,  fo  the  Bead 

{hall  £hew  the  Azimuth  required.  .  1S 

As  if  the  fecond  of  Augufl ,  having  fet  the  Bead  for  the  tjme,  you  (hall 
find  the  Altitude  of  the  Sun  to  be  i  $gr.  20  m.  remove  the  Thred  unto 
70 gr,  40  m.  the  Complement  of  the  Altitude  5  or,  which  is  all  one,  to 
1  p  gr,  to  m.  from  the  right  hand  toward  the  left,  and  the  Bead  will  fall 
on  the  Line  of  90  gr,  from  the  Meridian  j  and  therefore  the  Point  where¬ 
on  the  Sun  beareth  from  us  is  one  of  thefe  two,  either  dueEaft,  or  due 
Weft  i  And  which  of  thefe  is  the  true  Point  of  the  Compafs,  may  be 
foon  known  by  a  fecond  Obfervation  $  for  if  the  Sun  rife  higher,  it  is  the 
forenoon  $  if  it  be  lower,  it  is  the  afternoon. 

By  knowing  the  Azimuth  or  Point  of  the  Compals  whereon  the  Sun 

beareth  from  us,  it  is  eafie  to  find, 


Mtrilun  Line,  and  thereby 
The  Coa  fling  of  the  Comtrey , 
Tht  Site  of  a  Building ,  ' 

The  Variation  of  the  Comfafs . 


As  if  the  fecond  of  Augttfi  in  the  afternoon  I  fhould  find  by  the  Height 
of  the  Sun  that  he  bears  from  me  60 gr*  from  the  Meridian  toward  the 
Weft*  then  there  being  9©  £r.  belonging  to  each  quarter,  the  Weft  will 
be  39  gr# to  the  right  hand ;  the  Eaft  is  oppofite  to  the  Weft,  the  North 
and  South  lie  equally  between  them. 


CHAP.  X. 


Of  the  Quadrat, 


THe  Quadrat  hath  two  Sides  divided  ;  the  other  two  Sides  next  the 
Center  may  be  fuppofed  to  be  divided  each  of  them  into  100  equal 
parts:  That  which  is  next  the  Horizontal  line  contains  the  parts  of  Right 
Shadow  ;  the  other  next  the  Sights,  the  parts  Contrary  Shadow.  The 
life  of  the  Quadrat  is, 

?.  Any 


/ 


i  z6  TkeVfe  tf  the  Quaint* 

» 
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w  ■ »  %  •  « 

I,  ^AnyPeint  being  given,  to  find  whether  It  be  level  with  the  Eye* 

Life  up  the  Center  of  the  Quadrant,  fo  as  the  Thred  with  the  Plum¬ 
met  may  play  eafily  by  the  Side  of  it:  then  look  through  the  Sights  to 
the  Place  given;  for  now  if  the  Thred  fhall  fall  on  A  B  the  Homontal- 
1  i lie,  then  is  the  Place  given  level  with  the  Eye :  But  if  it  fhall  fall  within 
the  faid  Line  on  any  of  the  Divisions*  then  it  is  higher  ;  if  without,  then 
it  is  lower  than  the  level  of  the  Eye. 


2.  To  find  an  Height  above  the  Level  of  the  Eye,  or  a  Diftancc  at  one 
Qbfervation* 

Look  through  the  Sights  to  the  Place,  going  nearer  or  farther  from  it, 
till  the  Thred  fall  on  I  oo  parts  in  the  Quadrat  of  4$  gr.  in  the  Quadrant, 
fo  lhallthe  Height  of  the  Place  above  the  Level  of  the  Eye,  be  equal  to 
the  Diftance  between  the  Place  and  the  Eye. 

If  the  Thred  fall  on  5©  parts  of  a  Right  Shadow,  the  Height  is  but  half 
the  Diftance:  If  it  fall  on  2  5,  it  is  a  quarter  of  the  Diftance;  if  on  75, 
it  is  three  quarters  of  the  Diftance,  For  as  oft  as  the  Thred  falleth  on  the 
parts  of  Right  Shadow, 

100,  to  the  Parts  on  which  the  Thred  falleth : 

So  is  the  Bifiance  y  to  the  Height  required* 

And  on  the  concrary, 

As  the  Parts  ent  by  the  Thred  are  to  100  ,• 

So  the  Height ,  unto  the  Difiance9 

But 


The  Vfe  dfthe  QuxinU  ; 

But  when  the  Thred  (hall  fall  on  the  parts  of  Contrary  Shadow,  if  it 
Fallon  50  parts,  the  Height  is  double  unto  the  Diftance  ;  if  on  25,  ir  is 
four  times  as  much  as  the  Diftance.  For  as  oft  as  the  Thred  falleth  on  the. 
parts  of  Contrary  Shadow, 

ns4s  the  Parts  cut  by  the  T hred>  are  unto  I  oo  : 

So  is  the  Difiance ,  unto  the  Height • 

And  on  the  contrary,  ? 

As  100,  are  mto  the  *Parts  cut  by  the  Thred : 

So  is  the  Height ,  mto  the  Difiance . 

And  what  is  here  faidof  the  Height  and  Diftance,  the  fame  may  be 
underftood  of  the  Height  and  Shadow. 

3,  To  find  a  Height  or  a  Diftance  at  two  Obfervathns, 

—  '  ✓ 

As  if  the  Place  which  is  to  be  meafured  might  not  otherwife  be  ap¬ 
proached,  and  yet  it  were  required  to  find  the  Height  B  C  and  the  Di¬ 
ftance  :  Firft,  I  makechoiceof  a  Station  at  A,  where  the  Thred  may  fall 
on  100  parts  in  the  Quadrat ,  andqSgr.  in  the  Quadrant ,  the  Diftance 
A  B  will  be  equal  to  the  Height  B  C  1  then  if  I  go  farther  in  a  dite£l  Line 
with  the  former  Diftance,  and  make  choice  of  a  fecond  Station  at  D, where 
the  Thred  may  fall  on  50  parts  of  Right  Shadow ,  theJDiftance  B  D 
fhould  be  double  to  the  Height  B  C  ;  wherefore  I  may  meafure  the  dif¬ 
ference  between  the  two  Stations  A  and  D»  and  this  difference  D  A  will 
he  equal  both  to  the  Diftance  A  B,  wl  the  Height  B  C. 

Or  if  I  cannot  make  choice  of  fuch  Stations*  I  take  fuch  as  I  may,  one 
at  D,  where  the  Thred  falleth  at  yo  partsof  Right  Shadow ;  the  fecond  at 
E,  where  it  falleth  on  40  parts  •  and  fuppofing  the  Height  B  C  tp  be  100, 

I 'find  that, 

As  50  Parts  are  unto  1 00,  the  Side  of  the  Quadrat : 

So  100  the  fuppofed  Height ,  unto  200  the  Diftance  D  B. 

And  as  40  Parts  at  the  fecond  Station ,  unto  1 00  : 

So  loo  the  fuppofed  Height ,  unto  2  50  the  Diftance  B  E. 

Wherefore  the  difference  between  the  Stations  D  and  E  fhould  feem 
to  be  50 ;  and  then  ;f  in  the  meafuring  of  it  I  fhould  find  it  to  be  either 

more  or  lefs,  the  Proportion  will  hold,  As  from  the  fuppofed  Difference, 

to* 
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t0  themcafured  difference  j  fofrom  Height  to  Height,  and  from  Diftance 

As  if 'the  difference  between  the  tw6  Stations  D  and  E  being  mcafu- 
red,  were  found  to  be  go. 


At  50  the  fuppofed  difference,  unto  go  the  true  difference  i 
(  Se  too  the  fuppofed  Height ,  unto  6©  the  true  Height  : 

And  200  the  fuppofed  Diftance ,  unto  1 20  the  true  Diftance  : 
And  250 at  the  fecond  Station,  unto  i$o  the  Diftance  BE, 


The  like  reafonholdeth  in  all  other  Examples  of  this  kind.  And  if  an 
Index  with  Sights  were  fitted  to  turn  upon  the  Center,  it  might  then  ferve 
by  the  fame  reafon  for  the  finding  of  all  other  Diftances. 
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A  SECOND 


APPENDIX 


CONCERNING  THE 

D  ESCRIPTION  and  U  S  E  S 

...  L'  >  '  ■  "  ■  f  S-r  •:  • 

OF  ANOTHER 


E  it  tea  ror  i>»auy  l-'racuce; 


For  finding  the 


AND 


Other  things  of  the  Suns  Cottrfe ,  in  reference  to  the 
Horizon  •  with  New  Lines,  ierving  to  the  fore- 
mentioned,  and  other  Purpofes,  more  accurately. 


Invented  by  Mr:  SAM.  FOSTER ,  fometime ProfefTor 

of  Ajironomy  in  (j refbam-  College. 


The  Dcfcription  of  the  Qjl  A  D  R  A  NT» 

Concerning  the  Making  and  Ufe  of  this  Quadrant,  you  are  to 
underftand,  That  the  Hour  and  Azimuth-lines  are  like  thofe 
that  arc  feen  upon  the  former  Quadrant,  and  the  Ufes  are  (mcft 
part)  the  fame ;  and  therefore  we  lightly  pafs  them  over,  as  is  feen  in  the 
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The  Vfes  of  the  Quadrant*  t  J  i 

fecond  Propofition  ;  But  the  difhmee  between  the  Equinoctial  and  the 
Tropicksis  here  fhortned,  to  the  end  that  more  room  might  be  gained 
above,  for  the  better  placing,  and  the  more  exad  dividing  of  the  Equi- 
notials,'  which  in  fmali  Inftruments  may  be  divided  to  each  fecond  De¬ 
gree  i  and  in  larger,  to  each  (ingle  Degree. 

If  it  be  required  to  make  thefe  yet  larger  ,  then  may  the  fore- 
mentioned  Azimuth-lines  be  left  quite  out :  for  the  ufe  of  them,  as 
they  are  here  deferibed ,  is  of  fmalE moment,  very  hardly  making 
good  the  Suns  Coaft  to  one  entire  Degree;  and  for  ferious  Practice, 
the  new  Lines  added  are  far  more  fufficicnr.  If  this  be  granted,  then 
may  the  Equinotial  (land  below,  by  which  means  they  (hall  become 
large  enough ,  even  in  fmali  Inftruments.  Efpecialfy  this  may  moft 
fairly  be  done ,  if  the  Hour- lines  be  reverted,  by  changing  the  Places 
of  the  Equino&ial  and  Tropicks ;  that  is,  if  the  Equinoctial  Alti¬ 
tudes  be  inferred  below ,  on  the  Circle  neareft  the  Limb ,  and  the 
Tropical  Altitudes  above,  in  the  Circle  neareft  to  the  Center.  Thus 
becoming  more  large ,  they  will  fupply  all  intended  purpofes  very 
well. 

There  is  noS&eme  given  of  this  change  now  mentioned,  nor  of 
the  Vulgar  Hours  and  Azimuths,  becaufe  thofe  Lines  are  well  enough 
known  already ,  and  this  mutation  is  eafie  to  be  underftood  :  But 
for  the  inscribing  of  the  new  additional  Lines ,  take  thefe  following 
Tables  and  Directions. 


How  to  inferihe  the  Additional  Lines  upon  the 
K  8JL  A  JO  R  A  N  T. 

t 

1.  For  the  Lines  on  the  Fore  fide. 

THe  two  Equinoctials  DC  and  EB,  the  one  for  the  Hours,  the 
other  for  the  Azimuths*  are  to  be  divided  from  the  equal  Limb 
by  help  of  the  following  Table  j  and  are  beft  to  be  numbred  from 
the  dofeft  parts  of  them  to  the  wideft,  as  is  done  in  the  Figure. 
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A  Table 


*  3 1  To  inscribe  the  Additional  Lines  on  the  Quadrant, 


±4  Table  of  EquinoEHal  Altitudes,  both  for  Honrs  and 
Azimuths,  which  are  to  divide  the  Eqtfinottial. 


Degrees 
Equal  l 
th 

rv/ 

Hours. 

upon  the 
Ambfor 
e 

Azimuths 

Deg. 

D. 

M. 

D. 

M. 

2 

1 

*5 

1 

36 

1 

4 

2 

29 

3 

1 1 

6 

3 

44 

'  4 

45 

8 

4 

58 

6 

19 

IO 

6 

12 

7 

52 

© 

12 

7 

27 

9 

23 

14 

8 

39 

10 

54 

*§ 

-  f£ 

1 6 

9 

53 

12 

22 

*44 

a 

18 

11 

6 

13 

49 

'!  fr* 

20 

12 

18 

IS 

13 

«t  - 

4* 

22 

t3 

29 

16 

36 

c 

24 

H 

40 

17 

S<> 

26 

n 

s° 

19 

13 

»■» 

v» 

«J> 

28 

117 

0 

20 

29 

30 

18 

8 

21 

41 

32 

19 

16 

22 

&51 

I 

34 

20 

22 

23 

59 

J 

3<5 

21 

28 

25 

4 

38 

22 

32 

26 

5 

40 

23 

35 

27 

5 

42 

24 

37 

28 

2 

44 

,25 

37 

28 

55 

46 

26 

36I29 

47 

Degrees  upon  the 

Equal  Limb  for 
the 


H0#r.r. 

Azimuths 

Des. 

D. 

M 

D. 

M. 

48 

27 

33 

30 

35 

* 

50 

28 

29 

3i 

21 

52 

29 

23 

32 

4 

54 

30 

H 

32 

46 

56 

31 

4 

33 

24 

_  • 

S8 

31 

52 

34 

0 

60 

32. 

37 

34 

34 

tts 

0 

& 

62 

33 

21 

35 

s 

% 

6+ 

34 

1 

35 

34 

66 

34 

40 

36 
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68 

35 

IS 

36 

25 

s 

70 

35 

48 

36 

47 

I- 

72 

36 

18 

37 

6 

*1 

74 

.36 

45 

37 

24 

76 

37 

10 

37 

40 

<5' 

73 

37 

31 

37 

53 

80 

37 

49 

38 

4 

82 

38 

3 

3§ 

14 

84 

38 

15 

38 

21 

86 

38 

23 

38 

26 

88 

38 

28 

138 

29 

90 

3.8 

30 

38 

30 

i 


The  two  Equino&ials  being  divided, 

2  «  Make  EN  parallel  to  AC,  and  O  D  parallel  to  A  B. 


2.  Make 


To  infcrihe  the  Additional  Lines  on  the  Qnadrant ♦  1 3  } 

r  2.  Make  E  N  a  Tangent  of  45  deg.  or  Radius  ;  then  fell  A  M  be  the 
Co-tangent  of  the  Latitude,  viz,,  in  our  Example  l$deg.  $Om. 

3.  Make  N  A  Radius ;  then  fliall  A  P  be  the  Tangent  of  2  3  deg .  30 
and  the  Line  A  P  to  be  fo  divided  into  23  \  Parts. 

4.  Making  AM  equal  to  the  Co- fine  ©f  the  Latitude,  A®  fliall  be 
the  Sine  of  the  Latitude. 

5.  Make  A  X  equal  to  A  M  on  both  fides. 

6t  Make  a  a  perpendicular  to  A  a  603  and  A  a  equal  to  AN. 

7.  Ar  is  the  half  Tangent  of  75  deg. 

8.  M  A  being  made  the  Co-fecant  of  the  Latitude,  find  the  Radius 
thereunto  belonging,  which  Radius  make  a  Tangent  of  4  5  deg,  then  are 
the  Hour- points  upon  the  Side  AC  the  refpe&ive  Tangents  of  IJ,  30, 
45,  and  60  deg, 

9.  Draw  r  s  from  the  middle  Point  of  M  A  ,  and  draw  the  nfch 
Hour  from  M  parallel  to  r  s:  And  all  the  reft  of  the  Hour-lines  maft 
be  drawn  from  their  feveral  Points  to  M  as  their  Center*  The  Line  of 
6  is  drawn  from  the  Center  M,  perpendicular  to  A  B,  or  parallel  to  A  C : 
And  all  the  other  Hours  beyond  6  may  be  tranfferred  by  a  Bevel  Square, 

10.  The  double  Square  of  2  3  \  equal  gr .  is  done  thus : 

Add  20  gr.  to  the  Equinoctial  Altitude  ;  infert  the  Sum,  and  the 
Equino&ial  Altitude:  Divide  the  intercepted  Arks  into  20  equal  parts, 
to  which  add  3  and  a  half  of  the  fame  parts.  This  is  to  be  fet  both 
ways  from  the  Equinoctial,  upward  and  downward,  which  the  rnferted 
Tables  willhelp  you  to  do. 

II.  Mor  the  Lines  on  the  Baci^/ide. 

f.  On  the  Back- fide,  Ifet  the  Points  M  and  ®  change  Places  (or  be  fee 
contrary  to  what  they  arc  on  the  Fore-fldc^  and  then  all  the  other  Vfork 
ffor  the  manner  of  it)  is  the  fame  as  on  the  Forefide.  ? 

2.  For  the  reverted  Hours,  take  every  Hour- point  (upon  A  C)  from; 
A,  and  turn  it  twice  upon  the  6  a  clock  Line  from  M,  through  which  Points  ! 
(and  their  Correfpondencs  on  the  Line  A  C)  draw  the  reverted  Hours. 

3.  The  Scales  for  the  Suns  Declination, and  Months,  are  inferced  from: 

fuch  Tables  as  are  common. 

4.  The  Limb  for  the  Slope- hours  may  be  about  a  feventh  or  eighth  part; 
of  the  Radius 3  and  the  Marginal  Divifions  numbred  1,  2,  3, 4, 3,6,  &c.\ 
for  Scars,  muft  be  put  in  by  that  Scale  of  Declinations  according  to  which 

you  put  in  the  Hours:  and  Azimuths:  And  the  Stars  may  be  fuch  as  in  the 
■  .  *  -  #  following* 


i  34  To  infcribe  the  Aiditimd  Lines  on  the  Qmdrant. 

following  Table,  or  fuch  ocher  as  any  lliall  defign  to  ufe  ;  but  thofe  were 
conceived  by  the  Author  to  be  as  fele£l  as  any,  they  being  (one  or  more  of 
them)  always  in  view,  and  fit  for  obfervation. 


N 

Names. 

R.Afc.  1 

Declin. 

M 

5 

Extra  ala  Peg, 

O 

26 

13 

27 

2 

6 

Cauda  Leonis 

3 

28 

1 6 

25 

1 

5 

Cor  Leoms 

16 

8 

*3 

27 

1 

!  3 

Os  Pegafi 

18 

38 

8 

14 

3 

3 

Ay  ml  a  « 

33 

9 

8 

H 

2 

i 

Procyon 

34 

43 

6 

'3 

I 

2 

Dex.  Hum.  Orion 

47 

49 

7 

24 

1 

4 

Cap.  Ophiu. 

50 

1 2 

52 

3 

2 

4 ted.  Nex.  Coll .  Se*p. 

<53 

58 

7 

24 

2 

9 

Lucida  pleiad. 

64 

0 

23 

3 

4 

8 

ArUurus 

74 

53 

20 

58 

1 

7 

Cornu  y'  prec. 

78 

3 

*7. 

40 

4 

I^T*  f  ConftruRion  of  this  Quadrant ,  as  it  is  thus  met  amor phofedy 

X  was  communicated  by  Edward  Page,  living  at  the  Sign  of  tht 
Sugar*  loaf  in  Hofier-lane,  who  maketh  this  and  all  other  Mar 
thematic al  Inftruments. 


IF  otherQuadrants  were  thought  complete  in  ufe, this  will  be  found  muct 
more  copious :  For  it  ferveth  not  onely  to  find  the  Hour  of  the  Day 
by  the  Sun,  of  the  Night  by  the  Stars,  and  what  elfe  belongs  to  theirRi* 
fings,  Setting^  Amplitudes,  &c.  but  is  very  well  fitted  alfo  to  deferibe  al 
the  moft  ufualforts  of  (landing  Dials  $  that  is,  all  that  are  upright,  oi 
elfe  reclining  or  inclining  to  the  foil  Eaft  and  Weft ;  which  two  forts  wil 
furnifhmany  kinds  of  fuch  Bodies  as  are  regularly  formed.  Thefe  ar< 
here  performed  by  veryeafie  and  familiar  ways  of  working.  The  No 
fturnal  for  the  Hour  by  the  Stars,  is  more  expedient  in  this  than  in  othei 
Quadrants:  For  in  judging  of  Time  onely  by  the  Appulfe  of  the  Star 
to  the  Meridian,  and  finding  that  Meridian  too  onely  by  a  rude  conje< 
6lurcfrom  the  North-Star,  an  errourof  a  quarter  or  half  an  Hour  is  eafilj 
unawares  committed#  This  cannot  be  fo  here,  if  any  ordinary  care  fo 

i  hat 
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had  in  taking  the  Stars  Altitude.  For  this  purpcfe  there  are  twelve  fe- 
\e&  Stars  inferted,  all  of  them  of  North  Declination,  lying  between  the 
Equino&ialandthe  Tropick  of  Cancer  ;  and  in  fuch  difference  of  Right 
Afcenfions,  as  that  one  or  other  of  them  will  be  always  in  fuch  conveni-  # 
ent  place  of  the  Heavens,  as  from  whence  the  Hour  may  very  fully  be  col¬ 
lected  every  Night  throughout  the  whole  Year.  Since  therefore  they  are 
io  convenient  for  ufe,  there  would  be  a  little  more  diligence  ufed  to  come 
to  the  knowledge  of  them  in  the  Heavens,  that  due  Oblervations  may  be 
made  whenfoever  any  of  them  (hall  be  in  view.  If  any  defire  that  other 
;  Stars  (fuch  as  are  better  known  to  them)  fhould  be  inferted,  they  may 
i  have  their  defire  cafily  fulfilled :  Onely  they  muft  take  care,  that  the  Stars 
be  fuch  as  fall  between  theTropicks  in  the  Heavens,  and  chiefly  between 
the  Equino&ial  and  North  Tropick,  becaufe  (uch  Stars  are  iongeft  in  view, 
and  their  Hours  befl  founds — —The  Propofitions  that  are  here  fet  down, 

[  might  have  been  encreafed  both  in  number  and  in  variety  of  performance, 
if  perplexity  had  been  affe&ed  ;  but  fuch  of  them,  and  fuch  ways  of  ef¬ 
fecting  them,  are  here  pitched  upon,  as  feemed  moflconducible  for  daily 
ufe.  And  for  the  fame  reafon  it  is,  that  the  feveral  Lines  upon  the  Qua¬ 
drant  are  denoted  by  Letters  onely,  that  by  fuch  brevity  all  unneceflary 
j  circumlocution  might  be  taken  oft^  which,  by  imposition  of  Names  to 
each  ©f  them,  could  not  fo  eafily  have  been  avoided. 

If  the  former  Quadrant  have  heretofore  found  good  acceptance, becaufe 
it  is  of  fome  good  ufe,  1  doubt  not  but  a  greater  proportion  of  thanks 
will  be  given  from  thelngenious,  for  making  publick  this  larger  Improve¬ 
ment  ©f  this  Inftrument.  ^ 
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The  U  S  E  S  of  the  QU  A  DR  A  NT. 

] 

I.  To  find  the  Suns  Declination. 

LAy  theThred  to  the  Day  of  the  Month  u  pon  the  back- fide  of  the 
Quadrant,  and  it  will  fhew  you  the  Declination  of  the  Sun  in  that 
unequalScale,  which  is  numbred  with  twice  3.  If  your  Day  fall  in  the 
upper  Scale  of  Months,  (which  may  be  called  the  Summer- fcalej  then  is 
the  Declination  North  :  If  it  fall  in  the  lower  (or  Winter)  Scale,  the  De- 
!  dination  is  South  from  the  Equino&iaL 

Thus  upon  Jpril  20.  you  fhall  find  the  Sun  to  decline  1  $gr.  North¬ 
ward  ;  and  January  30*  it  declines  about  Southward# 

S  The 
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d(T  The  contrary  Work  is  eafie;  by  aligning  the  Suns  Declination,  to 
know  on  what  Day  of  the  Month  the  fame  (hall  be.  For  the  Thred  may 
be  laid  to  the  Declination  in  tw®  Places ,  in  both  which  it  will  crofs  the 
•  two  half  years,  fhewing  tw©  feveral  days  on  which  the  Sun  fhall  have  fo 
;  fmuch  Declination  North ;  and  two  days  more  ,  on  which  it  fhall  have 
that  Declination  Southward.  It  will  be  eafie  to  diftinguiih  which  of 
thefe  days  ferves  your  purpofe ,  by  the  two  Seafons  of  the  Year,  unto 
which  the  two  Scales  of  Months  do  anfwer. 


IL  To  reElifit  the  Bead  for  Obfervation  of  Hour  or  Azimuth ;  and 
40  perform  thofe  things  that  are  done  by  the  ufual  Lines  upon  the 
Quadrant* 


HAving  found  the  Suns  Declination  for  your  Day,  you  muft  count 
the  fame  upon  the  double  equal  Scale  which  is  on  the  fore- fide  of 
the  Quadrant,  namely,  from  the  middle  of  it  towards  the  right  hand?  if 
the  Declination  be  North,  or  towards  the  left  hand  if  it  be  South.  The 
Thred  being  laid  thereto,  you  muft  move  the  Bead  till  it  fall  juftly  upon 
the  Hour  of  12,  fo  fhall  it  be  fet  right  for  the  intended  ufes  of  that  day 

1.  For  the  Hour .  If  you  obferve  the  Suns  Altitude  (by  letting  the  Sun¬ 
beams  to  fhine  through  the  Sights,  and  the  Plummet  to  hang  at  full  li¬ 
berty  dole  to  the  Plane  of  your  Quadrant)  the  Bead  will  fhew  the  Hour, 
if  you  haverefped  to  the  time  of  the  Year:  That  is,  If  the  Suns  Decli¬ 
nation  be  North,  the  Bead  (hews  the  time  of  the  day  among  the  Summer- 
hours,  thofe  which  fpread  from  the  Equino£bal  towards  the  right  hand 
If  the  Sun  decline  South,  the  time  muft  be  accounted  in  the  crofs  Lines 
which  are  the  Winter-hours.  And  in  this  Obfervation  you  fhall  fee  thi 
Thred  to  cut  f  in  the  equal  Limb)  the  Suns  Altitude  above  the  Horizon 

_ _ Thus  at  London ,  if  the  ©  decline  15  gr.  Northward,  and  the  Alti 

tude  were  9  hgr*  the  Hour  would  be  about  a  quarter  before  6  in  th 
Morning,  or  a  quarter  paft  6  in  the  Evening.  But  if  the  Sun  had  th 
fame  Declination  Southward,  and  the  fame  Altitude  alfo,  then  would  th 
;  time  be  half  an  Hour  paft  8  in  the  morning,  or  half  an  Hour  paft  3  in  th 
evening.  The  former  of  thefe  times  is  fhewed  by  the  Bead  among  th 
Summer*  hours,  the  latter  among  the  Winter- hours. 

2.  For  the  Azimuth.  If  the  Suns  Altitude  be  numbred  the  contrar 
w  ay  in  the  equal  Limb,  and  the  Thred  be  laid  thereto,  the  Bead  will  thei 

fhew  thfe  Azimuth  of  th?  Sun,  if  you  account  it  according  to  the  time  c 
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Te  reltifie  the  Beady  and  find  the  Amplitude*  1  $7 

the  Year;  that  is,  among  the  Summer-azimuths  when  the  Sun  hath 
North- declination,  and  among  the  Winter-azimuths  when  the  Sim  de¬ 
clines  South.  The  Summer- azimuths  are  thofe  that  fpread  from  the 
Equino&ial  towards  the  left  hand;  the  other  eroding  them  are  the  Win¬ 
ter-azimuths.- - .Thus  if  the  Suns  Declination  were  8^r.  Northward, 

and  the  Altitude  18 gr.  the  Azimuth  would  be  %o  gr.  from  the  South  1 
But  if  the  Sun  had  8^r.  of  South  Declination,  and  \%gr*  Altitude,  the 
(Azimuth  would  be  $ogr.  from  the  South  here  at  London.  This  way 
imay  ferve  for  grofs  works,  when  the  Azimuth  is  required  onely  within 
pne  or  two  whole  Degrees.  You  fhall  find  it  done  more  accurately,  and 
r  abetter  purpofes,in  the  thirteenth  following. 

5.  For  the  Afcenfional  Difference.  The  Bead  being  rectified  as  before, 
d  applied  to  the  left  fide  of  the  Quadrant,  gives  the  Afcenfional  Dif¬ 
ence,  or  the  time  of  Sun-rifing  and  fetting,  before  or  after  6  a  dock, 
tong  thofe  Hours  and  Quarters  which  interfedf  each  other  upon  the 
ameleft  fide  of  the  Quadrant,  if  you  count  them  agreeable  to  the  time 
of  the  Year:  And  from  the  Bead  to  the  Line  of  12,  rightly  taken,  ac¬ 
cording  to  your  time  of  Summer  and  Winter ,  gives  the  Semidiurnal 
Ark  of  the  Sun,  or  half  the  Days  length : - -As  alfo,  from  the  Bead 

£  the  other  Line  of  1 2,  which  fervesforthe  contrary  time  of  the  Year, 
vesthcSemin@6!urnal  Ark,  or  half  >  the  length  of  the  Night,— —Thus 
if  the  Suns  Declination  were  14  \  gr*  the  Afcenfional  Difference  would 
1  Hour  and  \  of  an  Hour :  And  if  thefaid  Declination  were  North, 
hen  the  Sun  rifeth  that  day  ^  of  an  Hour  before  5,  fetceth  \  after  7 • 
iThe  Semidiurnal  Ark  (from  the  Bead  to  the  Summer  12)  is  7  \  Hours, 
llhe  Semino&urnai  Ark  (from  the  Bead  to  the  Winter  1 2)  is  4-J  Hoi^s. 
fhefe  doubled  make  the  day  14  \  Hours  long ;  the  night  9  \  long. 

!  4.  For  the  AmflitHde*  The  Bead  applied  to  the  right  fide  of  the  Qua¬ 
drant,  gives  the  Amplitude  of  Sun-rifing  and  fetting  in  all  varieties: 
Namely  ;  From  the  Bead  to  that  South-azimuth  which  is  proper  to  the 
icafon  of  the  Year,  is  the  Amplitude  from  South  ;  as  alfo,  to  the  contrary 
South-azimuth,  gives  the  Amplitude  from  North:  fhewing  how  many 
pegrees  of  the  Horizon  the  Sun  rifeth  and  fetteth  any  day  from  the  juft 
!>outh  or  North.  So  from  the  Bead  to  the  Eaft  and  Weft-azimuth  (which 

s  the  ninetieth  Azimuth)  gives  the  Amplitude  from  Eaft  or  Weft.— - 

Thus  if  the  ©  decline  14  f  gr.  the  Amplitude  is  here  2  3  5  %r.  almoft.  If 
he  Declination  be  North,  then  is  this  Amplitude  from  Eaft  and  Weft 
owards  the  North  2;  £  Degrees.  The  Amplitude  from  the  North  ic 
elf  is  then  6$  f  gr .  From  the  South  point  of  the  Horizon  it  is  1 1 3  i  gr. 

S  f  f  You 


tjS  To  find  the  beginning  uni  end  tf  Twilight'. 

You  may  eafily  (in  fuch  manner)  account  ic  for  South  Declinations  of 
the  ©.  ~  %  ^ 

V.  To  find  when  Twilight  begins  in  the  Morning,  and  ends  at  Evening  ; 
which  Moments  are  the  two  utmoft  Terms  of  Dark  Night . 

AFcer  the  Bead  isrc&ifiedfor  your  Day,  theThred  laid  to  iZgr.m 
the  equal  Limb,  will  (hew  che  Hour  or  part  required*  Only  here 
remember  to  take  your  Hour  aright :  Namely ,  in  Winter  time  look 
among  the  Summer-hours,  where  ic  is  that  the  Bead  refteth ;  for  that  i: 
the  Morning  or  Evening  Hour  of  Twilight :  So  in  Summertime  you  mull 

look  among  the  Winter-hours - Thus  when  the  Sun  declines  I  I  t 

Southward,  the  Twilight  begins  a*  London  at  5  in  the  morning,  and  end 
at  7  a  clock  at  night,  as  the  Bead  fhews  among  the  Summer-hours :  Bu 
if  that  Declination  were  North,  the  Twilight  would  begin  at  4  of  ai 
Hour  before  3  in  the  morning*  and  end  at  %  after  9  at  night. -  -  ■  Th 
Suns  depreflion  i$gr.  under  the  Horizon,  is  the  ufualTerm  whereon  t< 
begin  and  end  the  Twilight.  You  may  as  well  do  this  to  any  Degree  0 
Light ,  as  to  1 2  or  1 3  Degrees  depreflion  j  at  which  time  in  the  mornin 
all  things  begin  to  be  vifible,  and  the  Light  to  be  ©f  fome  ufe.  As  if  th 
Sun  decline  3  i  gr •  Southward,  if  you  fet  the  Bead  thereto,  and  then  la 
theThred  at  I2^r.  in  the  equal  Limb,  you  fhall  fee  the  Bead  (amon 
the  Summer-hours)  fall  upon  $  in  the  morning,  and  7  at  night ;  fo  th* 
at  5  ,  and  till  7,  there  is  a  reafonable  degree  of  Light.  Or  if  in  Summ< 
the  ®  had  declined  7  i  gr.  Northward,  the  laid  degree  of  Light  worn 

begin  at  4  in  the  morning,  and  end  at  8  in  the  evening.—- - Near  t 

the  longed  days  you  (hall  find  no  Twilight  at  all,  according  to  18  D< 
grees  depreflion  of  ©  under  the  Horizon  5  for  then  the  Bead  will  fail  bi 
yond  the  Winter  1 2  a  clock  Line* 

q  Thefe  arc  the  chief  Ufes  of  the  Hour  and  Azimuth-lines ,  as  th< 
are  here ,  and  in  all  Quadrants  commonly  inferred.  There  are  oth 
things,  concerning  the  Suns  place  in  the  Ecliprick,  the  Suns  Declination 
the  Suns  Right  Afcenfion  :  Namely,— How  by  having  any  one  of  the! 
to  find  out  the  reft.— Thefe  are  here  omitted,  as  matters  onely  of  curi 
fity,  being  of  no  further  ufe  in  this  Inftrument,  than  that  they  may  1 
kno  vn  :  Yet  if  any  fhould  defire  them,  they  may  have  a  Scale  of  tfe  J 
Signs  mferibed  on  the  back  fide,  by  help  of  which,  the  fore-named  requ 
frees  may  be  attained. 

The  Particulars  that  follow  are  moft  aimed  at ,  (as  being  more 

chez 


To  find  the  Afcenfioml  Difference,  md  Amplitude*  I  J* 

them,  and  more  accurate)  and  therefore  the  precedent  things  are  thus 
briefly  paffed  over. 

III.  To  find  the  Stitu  Afcenfional  Difference ,  Sec. 

COunt  the  Declination  in  the  equal  Limb  from  F  to  K :  The  Thred 
there  laid  gives  BS  the  Afcenfional  difference  The  faid  Afcenfi- 
onal  difference  gives  the  times  of  Sun-rifing  and  fetting  before  and  after  6t 
I  with  the  lengths  of  Day  and  Night. —The  fame  may  be  done  for  all  Stars 
whofe  Declinations  are  known. 

f  So  by  having  the  Afcenfional  difference,  you  may  find  the  Suns  De¬ 
clination  thereunto  belonging. 

Here  at  London,  if  the  Dedinntion  be  20 gr.  the  Afcenfional  difference 
is  27^.  14  w.  that  is  1  ho.  49  m.  And  if  this  Declination  be  North,  the 
Sun  rrfeth  1  ho.  49  m.  before  6 ,  and  fettech  fo  much  after  6 :  that  is,  it 
!  rifeth  11  m.  after  4  in  the  morning,  and  fetteth  49  m.  after  7  a  clock  at 
night :  And  the  time  of  fetting  being  doubled,  gives  1  $  £0.  3  8  n>.  for  the 
!  days  length:  The  time  of  rifing  being  doubled,  gives  8  ho.  22  m.  for  the 
length  <3?  the  night.  But  if  the  Declination  had  been  South,  the  Sun 
j  fhould  rife  1  ho.  49  m.  after  <5,  (that  is,  at  7, 49  0* .)  and  fhould  fet  1  ho. 
49  m.  before  6, (chat  is, at  4, and  1 I  m.)  and  the  day  would  be  8  ho.  22  m. 
j  long  j  the  night,  1  y  ho.  38  m. 

IV.  To  find  the  Sans  ^Amplitude,  See. 

COunt  the  Declination  in  the  equal  Limb  from  G  to  H ;  The  Thred 
there  laid  gives  C  R  for  the  Amplitude.— The  fame  may  be  done 
for  Stars  whofe  Declinations  are  known. 

f  So  by  having  the  Amplitude,  you  may  find  the  Declination :  For  if 
i  the  Amplitude  be  counted  from  C  to  R,  the  Thred  laid  at  R  gives  the 
Declination  G  H. 

At  London,  if  the  Declination  be  20  gr.  the  Amplitudeis  $2gr.  20  m. 
from  the  Eaft  and  Weft  Points  of  the  Horizon. 

V.  Having  the  Declination  of  any  upright  Plane ,  to  find  the  E U  vat m 
of  the  Style ,  Sec. 

!  T  Ay  the  Thred  to  the  Planes  Declination,  counted  from  D  to  R  :  fo 
J— /  will  G  H  be  the  Elevation. 

S  f  f  2  f  So 
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qj  So  by  having  the  Elevation  G  H,  you  may  find  D  R  the  Declination, 
If  an  upright  Plane  (here)  decline  20  gr.  the  Styles  Elevation  will  be 

3J*r.48«>.  _ 

VI.  To  find  the  D  e fle  Ellon  >  &c, 

1 

/^Ount  the  Declination  from  B  to  S :  The  Thred  there  laid  gives  F  K 
the  Deflexion. 

q  So  by  having  F  K  the  Deflexion,  you  may  find  B  S  the  Planes  De«^ 
clination. 

If  a  Plane  declining  20  gr .  the  Deflexion  is  1 5  gr»  13  m. 

VII.  To  find  the  Difference  of  Longitude  t 

•  *  **  s.- 

I,  ^>Oiint  the  Elevation  from  F  to  K  s  E  S  is  the  Difference  of  Lon* 
gitude. 

2.  Count  the  Deflexion  from  G  t®  H :  C  R  is  the  Difference  of  Lon¬ 
gitude. 

q  By  the  contrary  Works,  having  the  Difference  of  Longitude,  you 
may  find  the  Elevation  and  Deflexion. 

A  Plane  declining  2 6  gr.  hath  25  gr,  difference  of  Longitude. 

VIII.  To  make  an  Horizontal  DUU 

1,  ^"^Ount  the  Hour  from  E  to  S ;  the  Thred  laid  at  S  gives  F  K.  Then 
count  G  H  equal  to  F  K  $  the  Thred  at  K  laid  gives  D  R,  the 
{pace  of  that  Hour  from  12. 

2.  Count  the  Hour  from  C  toR,  and  by  help  of  the  Thred  you  fhaU 
have G H.  T hen  count F  K  equal  toGHj  the  Thred  laid  at R,  gives 
B  S  for  the  ("pace  of  that  Hour  from  1  a. 

3.  With  a  pair  of  Compaffes  take  the  Hour  from  C  to  R,and  fct  it  from 
B  to  S  :  B  S  is  the  Space  or  Angle  of  that  Hour  from  1 2. 

4.  Take  with  your  Compaffes  the  Hour  from  E  to  S,  and  fet  it  from  D 
to  R  :  So  the  number  D  R  fhews  how  many  Degrees  that  Hour  muft  be 
from  1  2. 

By  ail  thefe  ways  (here  at  London)  the  third  Hour  will  be  found  about 
3  8  gr.  from  1 2.  The  reft  will  be  in  like  manner  found  according  to  their 
true  quantities. 
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Propofitms  in  Dialling. 

IX.  To  find  what  Angle  any  Hour*  circle  maketh  with  the  Horizon*  or 
any  Azimuth  makes  with  the  EqtiinottUL 

LEt  the  number  of  the  Hour-circle  (or  Azimuth)  from  South,  be 
counted  from  C  to  R  ;  the  Thred  laid  at  R  will  cut  the  equal  Limb 
in  H,  and  FH  will  be  the  Angle  required  .  . 

%  By  the  Angle  known,  it  will  be  ea(ie,  by  the  contrary  Work,  to  find 
the  Hour  (or  Azimuth)  to  which  that  Angle  beiongeth. 

The  third  Hour  (or  45  Azimuth)  makes  with  theHorizon  (or  with  the 
Equino6lial)  an  Angle  of  5  5  m.  here  at  London. 

X.  To  find  what  ArJ^  of  any  Hour-circle  is  intercepted  between  the  Eqttl- 
noBial  (or  any  Parallel )  and  the  Horizon. 

COunt  the  number  of  the  Hour-circle  from  South,  from  E  to  S,  or,  if 
it  be  above  pogrom  E  to  B,and  back  again  to  S  .*  So  F  K  in  the  equal 
Limb  will  be  the  Ark  required, between  the  Equino&’aland  Horizon. 

The  Ark  intercepted  between  any  Parallel  and  the  Horizon,  may  hence 
alfo  be  found. — If  the  Declination  of  the  Parallel  be  North,  and  the  Hour 
be  between  1 2  and  6,  add  the  Declination  to  the  Ark  found  by  the  former 
Work :  In  other  Hours  beyond  6  fubtradl  the  former  Ark  out  of  the  De¬ 
clination,  the  refult  will  be  the  Ark  required.  Upon  the  Hour  of  6  it  fell, 
the  Declination  of  the  Parallels  is  the  Ark  intercepted.  Ii  the  Declina- 
tion  be  South,  fubtraa  it  out  of  the  Ark  found  before,  (namely,  the  Ark 
intercepted  between  the  Equinoctial  and  Horizon)what  remains  is  the  Ark 
intercepted  between  that  Parallel  and  the  Horizon. 

Thus  at  London,  the  Ark  of  the  third  Hour  intercepted  between  the 
EquinoCtial  and  Horizon  is  ip  gr.  it  *».— And  if  the  Decimation  be 
18  ar  North, the  Ark  intercepted  between  that  Parallel  and  the  Horizon  is 
47  gr.  2 1  w.— If  the  Parallel  be  18  gr.  South, the  Ark  will  be  i  igr.il  m. 

f  The  firft  Work  will  alfo  fhew  what  Ark  of  any  Azimuth  from 
South  is  intercepted  between  the  Horizon  and  Equinoctial,  if  in  (lead  of 
the  Hour-circle  from  South,  you  ufc  the  Azimuth  from  South.  This 

intercepted  Ark  is  the  Equinoctial  Altitude  of  that  Azimuth. 

So  in  the  45  Azimuth  from  South,  the  EquinoCtial  is  ipgr.it  nt.  high. 
In  the  13  $  Azimuth  from  South,  the  EqumoCtials  deprefoon  under  the 
Horizon  is  ipgr.  zim. 

This  is  made  rife  of  afterwards. 

-  -  ■  —  ■  -  '  •  ,  XI.  Horn 


*4*  fi»A  the  Height  ef  the  Sm  upon  any  Azimuth, 

XI.  Hm  high  the  Sun  [hull  be  upon  any  Azimuth,  and  In  any  J)ecli- 
nation, 

THe  Azimuth  is  befl:  numbred  from  the  South :  And  thisPropoficion 
Ovith  mod  of  thofe  that  follow)  is  done  by  help  of  Compares. 

5  IF  the  Sun  be  in  the  Equinotftial,  the  firft  Work  of  the  laft  Propo- 
fition  gets  the  Equinodhal  Altitude  or  Deprcffion,  by  counting  the  Azi- 
much  from  E  to  S,  whereby  the  Ark  F  K  will  be  found.  This  Ark  (if  the 

Azimuth  be  le(s  chan  po)  is  the  Altitude  }  if  more  than  po,  it  is  the  De- 
preftion. 

But  if  the  Sun  have  Declination,  then  firft  lay  theThred  from  F  to¬ 
wards  K,  according  to  that  Declination,  and  take  the  leaft  diftance  from 
the  Point  B  to  your  Thred,  and  keep  this  extent.  Then, 

If  the  Suns  Declination  be  South,  count  your  Azimuth  from  E  to 
S,  and  lay  the  Thred  there,  which  will  cut  the  Line  E  N  in  T  :  Set  one 
Foot  of  the  former  extent  in  T,  and  turn  the  other  about  toward  the  Side 
tl  ja?V  m8  the  Thred  to  the  remoteft  diftance  of  that  Circuit:  The 
Thred  fo  laid  will  give  the  Altitude  required,  if  you  count  the  Degrees 
from  r.  Thus  the  Sun  declining  South  t  i^r.  30  m.  will  have  1 6  i or. 
30  m.  of  Altitude  in  the  45  Azimuth.  * 

-f  If  the  Suns  Declination  be  North,  and  the  Azimuth  left  than  oo 
trom 1  South,  count  your  Azimuth  from  E  to  S,  and  lay  the  Thred  at  it, 
and  let  it  cut  E  N  in  T  .•  Then  fet  one  Foot  of  your  former  Extent  in  T, 
and  with  the  other  Foot  turned  about,  lay  the  Thred  at  the  remoteft  di- 
fiance  from  T  towards  theSide  AC:  The  Thred  fo  lying,  (hews  from  F 
in  the  equal  Limb  the  Altitude  required.  Thus  if  the  Sun  decline  1 1  or. 
30 m.  North,  his  Altitude  upon  the  45  Azimuth  will  be  4a  j  /r.-But 
it  the  Azimuth  be  more  than  9  o,  count  from  B  to  S,  the  excefs  above  go- 
and  applying  the  Thred  thereto,  fee  what  Degrees  of  the  equal  Limb  the 
Thred  cuts  from  F.  Count  that  number  of  Degrees  from  60  (in  the  equal 
Limb)  forwards,  towards  70,  80,  90,  and  lay  the  Thred  there,  which 
tippole  to  cut  the  Line  <e  a  in  Set  your  Compares  (keeping  (till  their 
hrfi  extent)upon  .-.and  turn  the  other  Foot  towards  the  Side  A  C,  lay  in® 
the  Thred  at  the  remoteft  turn.  If  now,  to  the  Thred  fo  laid,  you  num¬ 
ber  the  Degrees  m  the  equal  Limb  from  60,  the  fame  (hall  be  the  Altitude 
required.  Thus  if  tne  Sun  decline  1 1  gr.  30  m.  North,  and  the  Azimuth 

be  ioi  gr.  1  s  from  the  South,  the  Altitude  muft  be  5  or.  4<  in 
our  Lautude  of  5  r  gr,  30  w. 


&A not  her 
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Another  way  for  this  Proportion. 

BY  the  firft  Work  in  this  nth,  gee  the  Equino&ial  Altitude  or  De- 
preffion  for  your  Azimuth :  Then  lay  the  Thred  at  E,  and  in  C  D, 
from  D,  count  the  (aid  Altitude  or  Depreflion;  from  which  Number,  or 
Point,  take  the  leaftdiftance  to  the  Side  A  C.  Enter  this  length  between 
the  Side  A  C  and  the  thred,  keeping  one  Foot  upon  the  Line  AC,  and 
removing  it  thereon  too  and  fro,  till  the  other  Foot  turned  about  may 
juftly  touch  the  Thred:  Then  keeping  your  Compaffes  there  fet,  re¬ 
move  the  Thred  from  G  toward  H,  according  to  the  Suns  Declination, 
and  take  the  lead  diftance  from  your  former  (landing  to  the  Thred.  This 
length  meafured  in  the  Scale  C  D  (fo  as  one  Foot  (landing  upon  the  Scale, 
the  other  turned  about  may  juftly  touch  the  Side  A  C)  (hews  an  Ark, 
which, 

If  the  Suns  Declination  be  South, 

mud  be  (ub  trailed  from  r  .  ,  «  •  n*  i  •  j 

If  the  Suns  Declination  be  North,  ^the  Azimuths  Equino6hal  Altitude. 

and  the  Azimuth  lefs  than  90, 

muft  be  added  to  f  .  .  L  L 

If  the  Suns  Declination  be  North,  and  the  Azimuth  more  than  9 0,  thCr 

Azimuths  Equino&ial  Depreffion  muft  be  take*  out  of  this  Ark. 

The  refuit  is  the  Altitude  looked  for, 

~  * 

Thus  if  the  Azimuth  be  from  South, 

the  Equinoaial  will  be  a  J  X  gr. 

The  Ark  found  will  be  14  4.  Then,  .  .  , 

If  the  ®  decline  1 1  f  South,  the  Altitude  upon  the  70  Azimuth  will 

be  I  ©egree.  . 

If  the  ©  decline  ill  North,  the  Altitude  upon  the  70  Azimuth  will 

If  ^he  Suns  Declination  were  20  gr.  North,  that  forementioned  Ark 
would  be  2  ygr.  whence  taking  15 1  ?  there  remains  9\  for  the 
Altitude  of  the  Sun  upon  the  II©  Azimuth  from  South,  at  that 
Declination  of  20  gr.  North. 

q  By  this  Work  may  a  Table  of  Altitudes  be  made,  by  which  the 

former  Azimuth-lines  upon  the  Quadrant  may  be  infected.  _ 

Xll»  TiJ 
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XII.  To  find  hois  high  the  S*n  {hall  he  at  any  Hour*  .and,  in  any  De. 

~  -i] _  s 


Flrft,  find  the  intercepted  Ark  of  your  Hour  Hour*  between  the  Pa- 

ra  ji  °*  ^ec^nat:*on  afld  the  Horizon,  by  the  tenth. 

Secondly,  Find  what  Angle  your  Hour  circle  maketh  with  the  Hori¬ 
zon,  by  the  ninth. 

,  ^hlLdi5rAC°unt  t^iat  fr°m  C  towards  D,  and  from  thence  take 
the  lea  it  durance  to  the  fide  A  C :  Meafure  this  length  upon  the  fide  A  C 

(rrornA)  and  there  fjet  your  Compares :  Then  keeping  that  ftation  of 
y©ur  Compafles,  lay  the  Thred  to  the  intercepted  Ark,  counted  in  the 
equal  Limb  from  G,  and  take  the  leaft  diftance  from  your  {landing  to  the 
Thred.  Set  one  Foot  of  this  length  in  the  Scale  C  D,  fo  as  that  the  other 
being  turned  about  may  couch  the  fide  A  C  9  fo  fhall  that  Foot  in  the  Scale 
CD  give  the  Degrees  of  Altitude  required,  if  you  number  them  from  C. 

Let  the  Hour  be  3  from  Noon :  The  intercepted  Ark  between  the 
Equinoctial  and  Horizon  will  be  29  gr .  22  m.  And  if  the  Sun  de-  * 

cllne  South  1 1  ?  ST*  the  intercepted  Arks  will  be  *  *  And  the  Angle 
^  ^“d  ^our  with  the  Horizon  is  6$  gr.  j  j.  So  that  the  Altitude 


North  - J3' 

for  South  Declulati°n  of  1 1  i  gr.  will  be  Degrees. 


any  Parallel  of  Declination :  And  by  thofe  Altitudes  you  may  infert  thofe 
Summer  and  Winter-hours  which  are  upon  the  Quadrant. 


FIrft,  Lay  the  Thred  to  the  Suns  Declination,  counted  in  the  equal 
Limb  from  F  to  K,  and  take,  the  leaft  diftance  from  the  Point  B  to 
the  Thred,  and  keep  your  Compafies  at  that  extent :  Then  count  the 
Suns  Altitude  in  the  equal  Limb  from  F,  and  lay  the  Thred  to  it.  This 
being  done, 

q  If  the  Sun  decline  South,  keep  one  Foot  of  your  Compafies  always 
upon  the  Line  E  N,  beyond  the  Thred,  towards  E,  and  remove  it  ftill 
upon  that  Line,  till  the  other  Foot  being  turned  about  may  touch  the 
Thied  precifely.  Obferve  then  where  the  Foot  of  yourCompafs  ftandeth 
upon  the  Line  E  N  9  fuppofe  at  V :  Bring  the  Thred  to  V,  and  it  fhews 


(frpm  E)  the  Azimuth  from  the  South. 


*  ^ 
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^  If  the  Sun  decline  North,  keep  one  Foot  of  your  former  extent, 
upon  the  Line  E  N,  on  this  fide  the  Thred  towards  N,  and  remove  it 
ftill  upon  that  line,  until  the  Foot  that  is  turned  about  do  touch  upon 
the  Thred.  And  obferve  where  your  Compafs  Foot  then  ftandeth,  upon 
the  line  EN  (fuppofe  it  ftand  at  W  )  Lay  the  Thred  at  W,  and  it  will 
cut  the  ScaleE  B;  the  parts  whereof ,  from  E  to  the  Thred,  are  the  Azi¬ 
muth  from  South. 

But  if  it  fo  fallout  in  North  Declinations,  that  when  the  Thred  is 
laid  to  the  Altitude,  you  cannot  find  room  upon  the  line  E  N,  whereon 
to  fet  your  Compares  fo  as  to  keep  the  conditions  before  required;  then 
work  in  this  manner :  Add  always  3  o  degrees  to  the  Suns  Altitude,  and 
lay  the  Thred  at  that  compound  Altitude,  numbredin  the  equal  limb 
frto  F.  To  the  Thred  fo  laid,  enter  the  former  extent  of  your  Com¬ 
pares  between  the  Thred  and  the  line  *»,  keeping  one  Foot  always  upon 
that  line.  And  look  where  the  Foot  of  your  Compafles  refteth  upon 
that  line,  fuppofe  at  Take  then  the  length  from  *  to  and  fet 
it  upon  the  line  NE  (fromN  towards  E)  and  to  the  point  where  rt 
refts,  apply  the  Thred ,  obferving  what  parts  it  cuts  .upon  the  Scale 
from  B.  The  number  of  thofe  parts  gives  the  quantity  of  the  Azimuth 
above  90  from  the  South.  Or  the  parts  eut  from  E,  give  the  Azimuth 

from  the  North.  , 

If  the  Sun  decline  net  at  all,  but  is  in  the  Equinoctial,  then  the 

foie  Altitude  from  F  toK  (by  help  of  the  Thred  thereto  applied)  gives 

ESthe  Azimuth  from  South.  .  0*1  1  »  •  1 

If  the  Altitude  of  the  Sun  be  2 1  f  in  the  Equmo&ial,  the  Azimuth 

from  South  is  60  degrees.  ,  ,  A  * 

If  the  Sun  decline  South  $  gr.  and  the  Altitude  were  1 5  4  lr'  thc  A7il~ 

muth  would  be  found  do^r.  ,  .  . 

Ifthe  Sun  decline  North  *ogr,  and  the  Altitude  were  50,  the  Azi¬ 
muth  would  be  $0£r.  J  U 

If  the  Sun  decline  North  20  gr .  and  the  Altitude  were  9  %gr.  the 

Azimuth  would  be  31  ogr.  from  the  South.  , 

f  If  you  fuppofe  thc  Sun  to  have  no  Altitude  and  do  work  by  thete 
by  thefe  Rules,  youfhall  find  the  Suns  Amplitude,  Orcive 
and  Occafive,  from  the  South.  As  if  the  Sun  decline  20 gr. 
North,  you  will  find  *23^7%  20  w.  for  the  Amplitude  from 

the  South. 


Ttt 


XIV.  7* 


'PM 


- 


Tdjiftdthe  Hour  of  the  "Bay* 

XIV.  To  find  the  Hour  of  the  Day  by  the  Sun . 

COunt  the  Suns  Altitude  in  the  equal  limb  fr«m  F,  and  to  the  Thred 
there  hid,  take  the  leaft  Diftance  from  the  point  B,  and  keep  this. 
D  ftance. 

Then  count  the  Suns  Declination  ( which  is  had  eafily  by  the  firft 
Proportion  :  )  from  F  in  the  equal  limb /and  apply  the  Thred  to  it. 
Then  further, 

f  Ii  the  Declination  be  South,  fet  one  Foot  of  your  former  extent, 
upon  the  line  E  N  (always  on  that  fide  the  Thred  on  which  E  ftandeth 
from  it )  and  remove  it  thereon,  till  the  other  (  turned  about )  may 
juftly  touch  the  Thred  A  K.  Suppofe  (infodoingj  the  Compafs  Foot 
ftayeth  at  V.  The  Thred  applied  to  the  point  V,  will  cut  the  hour  from 
(Noon,  if  you  count  the  intercepted  parts  upon  E  B,  from  E.  — Thus  if  the 
Sun  decline  20  degrees  South/ aad  the  Altitude  were  13  gr.  50  w,  the 
hour  at  London  would  be  1  o  or  2, 

If  the  Declination  be  North,  fet  one  Foot  of  your  former  extent 
upon  the  fide  A  C,  removing  it  thereon  to  and  fro,  till  the  other  Foot 
turned  about,  will  only  touch  the  Thred.  When  it  is  fo  fitted ,  let 
that  Foot  upon  the  fide  A  C,  keep  its  Ration,  and  from  thence  extend 
the  other  F  oot  to  the  Suns  Declination  counted  in  the  Scale  A  P.  This' 
laft  extent  muft  be  applied  to  the  line  N  E  from  N  :  .  and  where  it 
Rays,  lay  the  Thred.  So  the  parts  cut  upon  the  Scale  E  B,  will  give 

the  hour. - But  this  muft  be  done  With  caution.  For  if  that  Foot 

that  kept  its  Ration  ,  flood  from  A,  beyond  the  Suns  Declination  in 
the  Scale  AP,  then  the  intercepted  Ark  from  E  t©  the  Thred  ,  gives 
the  hour  from  Noon.  But  if  the  fore-named  Foot  Rood  between  A 
and  the  Declination,  then  the  whole  Ark  E  B  90,  with  the  Ark  from 
B  back  again  to  the  Thred  ( thefe  two  put  together)  give  the  hour  from 
Noon. 

Thus  if  the  Sun  decline  15 gr.  Northward,  and  be  Si  ^high,  the 
hour  is  7  before  or  y  afternoon.  Or  if  the  Altitude  were  f  gr.  the  hour 
muft  have ‘been  5  in  the  morning,  or  7  in  the  evening :  namely,  90  and 
1 5  degrees  from  Noon, 
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XV.  On  an  upright  declining  Plane,  to  find  the  Angle  between  I  a  and  6. 

COunt  the  Planes  Declination  from  C  towards  D  :  From  that  point 
take  the  lead  Diftance  ro  the  fide  C  A.  Set  that  length  from  M 
to  Y,  upon  the  line  M  Y*  The  Thred  laid  at  Y  gives  G  K  for  the  Angle 
between  M  and  6. 

Or  count  the  Declination  of  the  Plane  from  B  towards  E ,  and  lay 
the  Thred  at  it.  The  Thred  will  cut  N  E.  Take  from  N  to  the  inter- 
fe<flion,  and  apply  it  to  M  Y ;  the  Thred  put  to  Y  gives  G  K,  as  before. 

If  a  Plane  decline  20 gr,  this  Angle  will  be  66  \  at  London. 

I  4,1  •  * 

XVI.  To  find  the  Declination  of  a  Plane. 

FIrft,  draw  an  Horizontal  line  upon  your  Plane  (which  you  may  do 
by  your  Quadrant.)  Then  apply  one  lide  of  the  Quadrant  to  that 
!  line*  fo  as  the  limb  may  be  toward  the  Sun,  and  the  Plane  of  the  Qua- 
drant  may  lie  Horizontally  flat.  Thirdly ,  having  a  loofe  Thred  and 
j  Plummet,  you  muft  hold  that  Thred  clofe  by  the  edge  of  the  limb  (let¬ 
ting  the  Plummet  hang  down  at  liberty)  till  the  fhadow  of  the  Thred 
pafleth  dire&ly  through  the  Quadrants  Center.  Which  done,  you  fhall 
fee  what  degrees  of  the  limb  the  fhadow  cuts  from  that  fide  of  the  Qua¬ 
drant  which  is  perpendicular  to  the  Horizontal  line.  This  is  called  the 
j  Horizontal  Diftance.  At  the  fame  moment  of  time,  obferve  the  Sun* 

'  Altitude.  By  this  Altitude  you  may  get  the  Suns  Azimuth  from  South, 

I  by  the  thirteenth. 

After  this  Preparation,  take  diligent  notice,  whether  the  fhadow  of 
the  Thred  fall  betwixt  the  South ,  and  the  perpendicular  fide  of  the 
!  Quadrant.  Or  whether  the  fame  fhadow  fall  fo,  as  to  leave  both  the 
I  South  and  the  faid  perpendicular  fide  (both  of  them)  upon  one  coaft  of 
!  the  fhadow. 

In  the  firft  cafe  you  muft  add  the  Horizontal  Diftance  to  the  Azimuth.  . 
In  the  latter  cafe,  you  muft  fubtraft  the  letter  out  of  the  greater.  The 
jrefulc  (whether  it  be  Sum  or  Difference)  gives  the  Planes  Declination 
|from  tne  South. 

Note  here  in  the  fecond  cafe.  That  if  the  Horizontal  Diftance  be  greater 
than  the  Azimuth,  then  doth  the  Plane  decline  to  that  coaft  (Eaft  or  Weft) 
which  is  contrary  to  the  coaft  on  which  the  Sun  Rood  frpm  the  South. 
This  fallech  out  very  frequently* 

T  t  e  2  N,otc 
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Note  alfo  in  the  fitft  cafe  :  That  if  the  Sum  of  the  Horizontal  Diftance 
and  Azimuth  do  exceed  180  rr.  then  the  Planes  .Declination  from  South 
*s  contrary  to  that  coaft  whereon  the  Sun  ftoofr.  And  it  is  found  by 
fubcradVmg  the  fore-mentioned  Sum  out  of  3  6°  degrees.  This  hap¬ 
pens  more  feldom  ;  that  is,  only  upon  fome  North  Planes;  and  on 
them  only  then,  when  the  Suns  Azimuth  is  more  than  potrom  the 
South  •  and  the  Horizontal  Diftance  more  than  is  the  Azimuth  from 

Examples  are  here  omitted  for  Brevities  fake.  Only  add  this;  that  if 
the  Planes  Declination  from  South  be  above  90  gr.  you  muft  fubduft  it 
out  of  180,  and  the  remainder  is  the  Declination  from  the  North.  —By 
this  accounting  from-North  and  South,  you  may  always  make  that  your 
Plane  decline  not  above  9<x  And  as  when  it  declines  nothing,  it  is  a 
full  South  or  North  Plane  ;  fo  if  ic  decline  juft  9°>  lc  IS  a  full  Ealt 
or  Weft  Plane. 

•  )  .  .  y.  \* . 

XVII.  How  to  draw  any  upright  declining  Dial . 

FIrft,  draw  a  Perpendicular  or  Plumb-line  A  B,  and  crofs  it  at  right 
Angles  with  the  Horizontal  line  B  C,  and  make  BA  equal  to  AO 

in  y®ur  Quadrant.  r  .  i 

a.  Upon  the  equal  limb  of  your  Quadrant,  count  the  Planes  Decli¬ 
nation  (from  North  to  South)  from  G,  and  there  keep  the  Thred :  which 
will  cut  fome  of  thofe  Lines  that  are  drawn  within  the  upper  Square, 
a.  Obferve  firft,  thofe  Interfettions  which  the  prickt  lines  make 

with  the  Thred  at  - Take  then  the  Length  from  A,  the 

Center  of  the  Quadrant  to  hr  and  fee  it  here  upon  the  Horizontal  Line 
from  B  to  i,  (always  on  that  fide  of  B,  which  looks  to  the  fame  coalt 
w  hereunto  the  Plane  dedinechj  So  take  from  the  Quadrants  Center 
A  to  the  fecond  prickt  Lines  Interfeaion  with  the  Thred,  atrrf ;  and 
fet  it  here  from  B  to  2.  So  likewife  the  third  A  m,  muft  be  fee  from 

to  5 • 

4.  Obferve  again  all  fuch  Interfe$ions  as  are  made  with  the  Thred, 
by  the  reft  of  thofe  lines  whofe  common  Concurrence  is  in  the  point  M, 
namely,  at  *,c}e,b:  and  take  their  feveral  lengths  from  the  Quadrants 
Genter  A,  and  prick  them  here  down  on  the  other  fide  B  (contrary  to 
'  the  coaft  of  Declination;  namely,  at  1 1,  10,  9,  8,  Then  for  the  next 
line  upon  the  Quadrant  (which  doth  not,  but  would  mterfed  the  Thred, 
if  it  were  drawn  out  far  enough  )  obferve.  where  the  Thred  cuts  the 
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extravagant  line  r  s,  namely  in  s:  and  take  from  A  to  t,  and  turn  that 
Length  twice  from  B,  fb  (hall  it  defign  the  point  7.  Afterwards  at  the 
point  7,  draw  the  infinite  line  CD  parallel  to  B  A-  Alfo  fet  off  the 
hour  of  6,  on  that  fide  B  which  is  contrary  to  thecoaft  of  Declination, 
namely,  from  B  to  E,  according  as  the  Angle  between  it  and  dihall 

be  found  by  the  fifteenth. 

Declination  28  cleg.  S.  Eafi. 


I 


| 


I 


j 
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5.  Draw  all  the 
Hour-lines  from  A , 
the  Center  of  your 
Dial ,  through  the 
points  3 »  2, 1,12,1 1, 
lo,  9,8*  7,  in  fuch 
wife,  that  as  many  as 
well  can,  ma  y  cut  the 
line  D  C,  as  is  here 
done,  in/>  andfr 

6.  Make  6j  y,  e- 
qualto  6,7  :  and  6, 4, 
equal  to  6,/>,  and  d, 
5,  equal  to  d,  7;  and 
draw  the  reft  of  the 
•hours  A  A  q,  A  3. 


Thus  you  may  get  1  2  1 
hours,  and  if  you? ex-  . 
tend  them  beyond  the  Center,  you  (bail  havethe^ 
whole  24.  Out  of  which  you  niay  make  choice  of 
fuch  as  will  ferve  your  ufe. 

£1  <  - j  Jr*  ^  t  ^  \J  ■  *  .  * 

For  placing  the  S i)U*  - 

Seek  the  Elevation  and  Deflexion  by  the  fifth  and  ! 
fixth.  And  make  BF  equal  to  the  Defle&ion ;  fet-j 
ting  the  Subftylar  line  FA  always  on  that  fide  12,  \ 
w  hich  is  contrary  to  the  coaft  ©f  the  Planes  Decima-  | 
tion,  Make  alfo  F  G  equal  to  the  Elevation t  So  F  AG  will  be  the 
pattern  ofthe  Style., 


*5°  Of  the  upright  full  South-Dial. 

Or  the  Thred  lying  ftill  at  the  Planes  Declination  upon  the  Qua¬ 
drant  as  it  did ,  Take  the  leaf!  Diftance  from  the  point  X  to  the 
Thred,  and  fet  chat  Length  from  B  to  H,  and  draw  A  H  for  the  Sub- 
flylar.  Then  making  AHK  a  right  Angle,  take  the  lead  Diftance 
from  M  to  the  Thred,  and  make  H  K  equal  to  this  Diftance :  So  isK  A  H 
the  pattern  of  your  Style. 

In  all  Dials,  The  Style  muft  ftand  juft  over  the  Subftylar,  eleva¬ 
ted  To  much  above  it,  as  the  Elevation  (before  found )  cometh  to. 

In  South  upright  Declinersthe  Center  of  the  Dial  is  above  fas  in  the 
former  figure)  and  the  Style  points  downward.  But  in  North  Declincrs, 
the  Center  muft  be  low*  and  the  Style  muft  point  upward. 

XVIII.  Of  the  upright  full  South-DUL 

't  - 

i  T  '  41. 

THe  Declination  of  thefull  South- Dial  is  nothing.  Whence  it  is,  That 
The  Angle  between  i  a  and  6  is  po  degrees. 

The  Line  of  1 2  is  the  Subftylar. 

The  Styles  Elevation  is  the  Complement  of  your  Latitude. 

The  way  of  pricking  down  the  Hours  is  in  a  manner  the  fame  with 
that  before  for  Dediners.  No  more  needs  to  be  faid  of  it. 

The  Ered:  full  North  Plane  is  the  fame  with  this  South.  Only  the 
Style  of  this  points  upwards  toward  the  North  Pole^  as  the  former 
downwards  towards  the  South  Pole. 

4  ff'  ' . 

XIX.  Of  upright  far  declining  Planes.  \r 

THefe  Dials  are  more  difficult  than  thofe  other  Decliners  mentioned 
in  the  feventeenth,  becaufe  here  the  hours  have  no  Center  or  Point  of 
-meeting  upon  the  Plane.  It  will  not  be  amifs  therefore  to  fet  down  the 
whole  work  in  all  parts  of  it. 

I.  Draw  a  Perpendicular  or  Plumb-line  AB,  and  crofs  it  at  right 
Angles  with  the  Horizontal  line  B  C.  And  make  B  A  equal  to  A  O  in 

your  Quadrant,  fitting  A  above  B  if  the  Plane  decline  from  the  South 
or  below  B  if  it  decline  from  North.  * 

2.  Count  the  Planes  Declination  from  South  or  North,  upon  the 
limb  of  your  Quadrant,  from  G  ;  and  there  keep  the  Thred. 

5 .  Among  thofe  Lines  on  the  Quadrant  ( whofe  common  Con¬ 
currence  is  at  M)  obfervethat  Interfe&ion  which  is  made  by  theviixth 
Hour  from  the  Quadrants  Center  with  the  Thred :  Take  the  length 

from 
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from  the  fame  Center  to  that  Interfe&ion ,  and  prick  It  down  here 
from  B  to  C  (  and  on  that  fide  B  which  looketh  toward  the  Soutn, 
if  the  Plane  decline  from  South  •  or  toward  the  North  f  if  the  Plane 
decline  from  North. )  And  draw  out  the  Line  CDE  parallel  to  B  A. 

4  Obferve  again  upon  that  Quadrant  the  Interfe&ion  which  the  fe- 
cond  line  from  the  Center  makes  with  the  Thred  and  take  the  length 
from  the  Center  of  the  Quadrant  thereunto  and  prick  it  down  towards 
C,  namely  from  B  to  F. 

An  upright  pl^k  declining 
82  degrees  from  South 
Eafijvard • 
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5.  Take  the  Lengths 
from  the  Center  of  your 
Quadrant  to  every  hour 
point  upon  the  fide  A 
C:  and  prick  them  all 
down  there ,  from  C  to 
7  and  5 ,  from  C  to  8  and 
4,  from  C  to  9,  10.  And 
Laftly,  Take  from  the 
Center  of  your  Quadrant 
to  the  point  r,  and  turn 
that  Length  twice  from 
C  :  this  double  Length 
will  reach  from  C  to  1 1, 
at  E. 

6.  Lay  a  Ruler  to  A 
and  F,  and  transfer  the 
point  F  unto  H  in  the 
line  C  E.  Then  take  the 

Length  from  H  to  10,  and  fet  it  from  A  (towards 
B)  to  10,  the  fame  way  from  A  that  10  ftands 
from  H. 

7.  With  the  fame  Length  H  10  or  A  10,  go 
to  your  Quadrant ,  and  fetting  one  Foot  of  it 
on  the  hde  A  C  in  die  fourth  point  from  the 
Center,  (  with  .the  ®ther  turned  about)  lay 

the 
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the  Thred  at  the  remoteft  Diftance ,  and  keep  it  there* 

8.  From  every  point  on  the  fide  A  C  of your  Quadrant,  take  the  leaft 
Diftances  to  the  Thred  folaid;  fettingthem  down  from  A  to  7  and  5, 
from  A  to  8  and  4 ,  from  A  to  9  :  A  10  was  put  on  before.  Then  the 
leaft  Djftance  from  r  to  the  Thred  being  twice  turned  from  A  towards  B, 
will  give  the  Length  from  A  to  1 1 . 

p.  For  the  finishing  then  of  the  hours  you  have  no  more  to  do,  but 
draw  right  lines  through  each  couple  of  correfpondent  points,  namely, 
from  4  to  4,  y  ;  from  C  to  A,  or  6  to  6  j  from  7  to  7>  %  to  8,  9 
to  p,  10  G&e*and  from  11  to  li. 

Concerning  the  forming  and  placing  of  the  Stile • 

i°.  TJY  the  precedent  feventh  Proportion  you  may  find  the  Planes 
13  Difference  of  Longitude,  which  (for  this  Plane  that  "de¬ 
clines  82 gr.)  will  be  (here  at  London)  8}gr.  43  min .  and  that  from 
the  South,  becaufe  the  Plane  declines  from  the  South*  The  Comple¬ 
ment  of  which  Longitude  (83^.  4 3  min*)  is  6  gr.  17 min.  Take 
thenfirft,  the  Length  from  C  to  7  the  next  hour  point  upon  C  E,  and 
carrying  that  extent  to  your  Quadrant,  fet  one  Foot  of  it  upon  15  in 
the  Scale  A  P :  and  lay  the  Thred  fo,  that  the  other  Foot  turned  a- 
bout  may  juft  touch  or  pafs  over  it,  and  keep  the  Thred  there.  Then 
(in  the  Scale  A  P)  count  the  fore-mentioned  Complement,  6 gr. 
17  min.  and  taking  the  leaft  Diftance  from  that  Poinc  to  the  Thred, 
fet  it  from  6  a  Clock  at  C»  cowards  E  if  the  Plane  decline  from  South, 
( or  towards  D  if  the  Plane  decline  from  North  )  as  you  fee  it  done 
here,  at  G.  Secondly ,  do  the  fame  work  again  upon  the  line  A 
B ;  That  is ,  take  from  A  to  7  the  neareft  Hour  poinc ,  and  fet  one 
Foot  of  that  extent  upon  15  in  the  Scale  A  P,  and  with  the  other 
Foot  turned  about,  lay  the  Thred  as  before.  ^Fhen  in  the  fame 
Scale  A  P,  count  the  fame  Number  6 gr;  17  min.  and  taking  the 
leaft  Diftance  from  thence  to  the  Thred ,  fee  that  Length  from  A 
to  K ,  anfwering  to  C  G.  And  laft  of  all ,  draw  the  Right  Line 
G  K.  This  ftiall  be  the  Line  of  Defle&ion  over  which  the  Stile  muft 
(land. 

1 1 .  Furthermore ,  Through  the  Points  G  and  K  ( or  any  other 
two  points  of  the  fame  Line  )  draw  the  two  Lines  G  O,  K  P,  both 
perpendicular  to  the  Deflexion  Line  GK.  Then  confidering,  that 
every  Hour  comprehends  1 5  Degrees  of  Longitude  ( that  is ,  that 

from 
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from  C  to  7  is  if,  and  from  7  to  8  is  15*  &c.)  and  fince  that  CG 
j$6gr.  17  min.  If  C  G  be  taken  out  of  C  7  which  is  *$gr.  c^erc 
will  remain  G  7,  8 gr,  4  3  min.  To  which,  if  you  add  from  7  to  <?, 
which  is  two  hours  or  30  degrees,  the  Sum  wifi  be  3  8 gr.  45  m  n.  whofe 
Complementis  51  gr.  17  min.  If  now  you  make  the  Angles  G  MR, 
and  K  N  S,  each  5:1  gr.  17  min.  they  will  cut  the  Dededfion  Line  G  K, 
in  RandS.  And  if  further,  to  the  Radius  GR  you  defcribe  the  Ark 
RT;  and  to  the  Radius  KS  you  defcribe  the  Ark  RT;  and  to  the 
Radius  KS  you  defcribe  the  Ark  S  V;  and  draw  the, Line  TV,  a 
Tangent  to  both  thefe  Arks,  the  Trafezinm  GTKV  (ball  be  the  pat¬ 
tern  of  your  Stile.  In  placing  which,  you  muft  be  careful  that  thefe 
perpendicular  Lengths  G  T  and  KV  f  perpendicular  I  fay  to  T  V  the 
fiducial  Edge)  be  juflly  placed  upon  the  two  affumed  points  at  G  and 
K.— Or  having  found  G  7  to  be  8 gr,  45  win.  you  may  add  to  it  from 
.  7  to  10,  which  is  (three  hours  or)  45  degrees.  The  Sum  will  be  53  gr* 
43  min.  whofe  Complementis  36 gr.  17  min.  If  now  from  the  points 
O  andP  (where  the rfaid  hour  of  10  cuts  the  two  fore-mentioned  Per¬ 
pendiculars  G  O  and  K  P)  you  make  the  Angles  G  O  R  and  KPS,  each 
equal  to  36 gr.  17  min.  they  will  cut  the  Deflexion  Line  G  K  in  the 
fame  two  points  R  and  S.  After  which  you  may  proceed  to  make  the 
pattern  of  yaur  Stile,  as  before* 

a§  1,  Note,  That  in  performing  the  fifth  Seftion  of  this  Pro* 
pofition,  inflead  of  taking  thofe  Hour  points  from  the  Cen¬ 
ter  of  your  Quadrant  upon  A  C  the  fide  for  your  Quadrant 
(if  thofe  Diflances  fhould  be  too  great  of  your  Plane)  you. 
may  lay  the  Thred  any  where  upon  the  Quadrant,  and  in¬ 
flead  of  taking  from  the  Center  to  the  fore-named  Points, 
you  may  take  the  lead  Diflances  from  the  faid  Points  to 
the  Thred,  feverally^  and  fet  them  down  from  C  to  7  and 
5,  and  from  C  to  8  and  4,  and  fo  to  p,  10  3  and  for  si, 
you  nmfl  take  from  the  Point  r  to  the  Thred ,  and  fet  it 
twice  from  C  3  by  which  means  they  will  be  all  of  lefs  Di- 
fiance  from  C.  And  then  all  the  work  is  to  be  continued, 
as  is  before  prefcribed.  — - — Or  if  the  faid  Diflances  fhould 
be  too  little,  you  may  double,  triple,  or,  &c.  to  make  them 

greater.  .  . 

q  2.  Note  again  ,  That  in  Decliners  from  the  North,  that  Dif¬ 
ference  of  Longitude  which  you  find  by  the  feventh,  is  to  be 
reckoned  from  the  North,  and  fo  the  Complement  of  it  is 
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to  be  accounted  from  C  (or  6  a  Clock)  towards  D.  And 
that  the  wideft  part  of  the  hours  in  thefe  North  Planes  mail 
point  upwards,  and  the  clofeft  parts  downwards ;  contrary 
to  what  is  expreffed  here  in  this  Plane,  which  hath  its  Declina¬ 
tion  from  the  South. 

f  3.  Note  laftly,  that  this  Dire&ion  here  given  for  enlarging  the 
Hours  in  far  Dediners,  may  ealily  be  applied  to  fuch  Dired 
or  Horizontal  Dials  (as  are  mentioned  in  the  26.  following) 
upon  which  the  Pole  hath  but  fmgil  Elevation.  For  the  Dial 
(or  only  feme  chief  Hours  of  it)  being  defcribed  in  its  natural 
ftreightnefs,  may  be  enlarged  by  the  fame  means  that  this  lead 
was.  Which  will  not  be  hard  to  do,  but  would  be  tedious 
here  to  run  over  again. 


XX.  Of f till  Eaft  and  fyefi  a  fright  Dials. 


THefe  are  more  eafie  than  the  former  fort  were.  For  having  drawn 
the  Plumb-line  A  B,  and  affumed  the  Point  A  for  the  Hour  of  6 ; 
goto  your  Quadrant,  and  take  from  the  Center  of  it  to  all  the  Hour- 
points  upon  the  fide  A  C  ;  and  prick  the  firft  of  them  down  in  the  Line 
A  B,  from  A  to  5  and  7,  the  fecond  from  A  to  4  and  8,  the  third  from 
A  to  3,  the  fourth  from  A  to  2  •  and  for  the  fifth,  take  from  the  Center 
of  your  Quadrant  to  the  Point  r,  and  fet  that  Length  twice  from  A,  fo 
it  fliali  limit  out  the  point  1.  —Having  thefe  points,  draw  Lines  through 
them,  all  parallel  ©ne  to  the  other,  and  all  pointing  up  to  the  North ; 
namely,  fo  as  to  make  the  acute  Angles  B  A  C  equal  to  the  Complement 
of  your  Latitude. 


q  For  the  Stile 


IT  muft  always  ftand  over  the  Line  of  6  a  Clock,  parallel  to  it,  and 
diftant  every  where  from  it  according  to  the  Length  of  A  D.  Which 
Length  isfoon  found*  by  drawing  A  D  perpendicular  to  the  Hour-Lines, 
cutting  the  third  hour  from  6,  in  D.  By  which  Line  you  may  make  the 
pattern  of  your  Stile.  For  the  fiducial  Edge  lies  parallel  to  the  Line  of  6 , 
A  C,*  and  at  the  Difbnce  of  that  Line  A  D. 

1.  Note  here  too,  that  if  your  Lengths  from  the  Quadrants  Center 
to  the  Hour*  points  be  to©  long,  you  may  fhorten  them  by  lay¬ 
ing  the  Thred  upon  the  Quadrant,  according  as  your  Conve¬ 
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niencc  fhall  direft ,  and  taking  the  leaft  Diftances  from  thofe 
Hfeur-Points  to  theThred;  and  fo  pricking  them  ©n  from  A 
to  6,  to  5,  4,  3 j&c*  as  was  before  mentioned  in  the  firft  Note 
upon  the  former  Proportion.  —Or  if  they  be  too  little  they  may 
be  doubled,  &c»  as  is  there  expreffed. 
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2.  Note  farther, 
that  what  is  here  done 
for  defer  ibi ng  thefe  Eafl 
and  Weft  Dials?  may 
be  applied  to  the  Di« 
reft  Polar  Plane.  On¬ 
ly  remember  that  you 
are  not  tied  (  if  the 
Polar )  to  make  the 
Hours  to  any  fee  An¬ 
gle  with  the  Line  B 
A,  but  they  are  beft 
at  right  Angles  ;  for 
then  the  Line  A  B  may 
be  taken  fdr  *  arid  pla¬ 
ced  as  the  Horizontal 
Line  of  the  faid  Plane  ; 
all  the  Hours  lying  as 
vertical  Lines  unto  it. 
And  aHb  the  Line  of 
6  here  muft  be  taken 
( in  the  Direft  Polar  ) 
for  the  Line  of  12,  and 
the  reft  of  the  Hours 
are  to  be  drawn  alike 
on  both  fides  1 2 :  no¬ 
thing  in  fubftance  dif¬ 
fering  from  thefe  Eaft 
and  Weft  Planes. 
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XXI.  In  E«fi  and  Weft  Re-inclinert ,  to  get  the  Defection, 


»  4 

i  Gant  the  Re -inclination  from  D  towards  C.  Take  the  leaft 


C< _  .  ...  .  -  _ 

Diftance  from  thence  to  the  fide  A  C .  Set  that  Length  from 

M  to  Y,  and  lay  the  Thred  at  Y.  The  Degrees  F  K  will  give  tfe 
Deflexion. 

The  Subftylar  Line  muftafcend  in  Recliners  and  defcend  in  Incliners, 
from  the  Line  of  12,  according  to  the  Quantity  of  this  Deflexion. 

The  Line  of  1 2  lies  always  parallel  to  the  Horizon. 


XXII.  To  find  the  Angle  between  12  and  6a 


C^Ount  the  Re-inclination  from  E  towards  B ,  the  Thred  there  laid 
J  will  cut  the  equal  Limb.  The  Degrees  whereof  from  G  to  the 
Thred,  are  the  Angle  required. 


XXIII.  To  get  the  Stiles  Elevation , 


Ay  the  Thred  to  the  Re-inclination  numbred  in  the  equal  Limb 

_ *  from  F,  and  take  the  leaft  Diftance  from  N  to  the  Thred.  Set 

one  Foot  of  that  length  in  B,  and  lay  the  Thred  fo  as  to  touch  the  other 
Foot  when  it  is  turned  about.  The  Thred  folaid,  gives  the  Elevation 
in  the  equal  Limb,  from  F.  , 


XXIV.  To  find  the  Difference  of  Longitude. 


'  T  \  j  -  ■  i  '  '  l: :  O  ■  jf  ■  ,1 

i.  ^>*Ount  the  Deflexion  in  the  e<jual  Limb  from  F,  and  lay 


the  Thred  to  it  •  and  take  the  leaft  Diftance  from  B  to 
the  Thred.  Put  one  Foot  of  this  length  in  N,  and  apply  the  Thred 
to  the  remoteft  Diftance  of  the  other  Foot.  The  Thred  will  then 
iliew  in  the  equal  Limb,  the  Difference  of  Longitude,  if  you  count 
from  F.  •  :T  • 

2.  Count  the  Deflexion  in  the  equal  Limb  from  G  :  and  to  the 
Thred  there  laid,  take  the  leaft  Diftance  from  B.  Meafure  that  length 
upon  the  fide  A  B  from  A  ;  keeping  one  Foot  there  fixed.  Then  lay 
the  Thred  to  the  Planes  Re- inclination  counted  alfo  from  Fin  the  equal 
.  Limb,  and  take  the  leaft  Diftance  from  your  ftanding  to  the  Thred. 
Set  one  Foot  of  this  length  in  B ,  applying  the  Thred  to  the  other 
L  "  Foot 
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Foot  turned  about.  The  Thred  fo  laid,  gives  the  Difference  of  Longitude 

W  Thusif  an  Eaft  or  Weft  Plane  re-incline,  here  at  London,  30  degrees, 
it  will  have  in 

Deflection- - - - 47  deg.  ™  »• 

Angle  from  12  to  6 - 5  5  26 

Elevation- - - 23  02 

Difference  of  Longitude— 7  o  1 4 

XXV.  How  to  draw  the  Dial . 

Upon  the  Back-fide  of  your  Quadrant,  in  the  Upperpart  of  it, 
vou  have  Lines  drawn  altogether  like  thole  on  the  Fore-fide 
placed  n«r  the  Quadrants  Center,  the  ufe  of  which  was  (hewed  be- 

^The  manner  of  work  in  this  Proportion  is  in  moft  things  fuitable  to 
that  in  the  feventeenth,  and  will  need  no  other  direaion. 

Onlv  for  placing  the  Lines,  Take  notice,  that  ,  *  T 

Th  1  ne  of .  2  in  thefe  Eaft  and  Weft  Re-.ncl.ners,  l.eth  always  paral¬ 
lel  to  the  Horizontal  lme  of  the  Plane.  So  that  if  we  uppofe  the  former 
Figure  of  the  feventeenth  to  reprefent  one  of  thefe  Dials,  then  A  Bmnft 
be  conceived  to  lie  Horizontal,  and  B  C  Vertical.  All  other  works  will 

bC The  Stilefn  Recliners  pointeth  upward,  and  the  Subftilar  and  the 

horn  of  6  do  afcend  above  L  l^^fXofal  Jon  thefouth  end 
Angle  from  1 2  to  6  come  to.  i  he  center  or  cue  ui 

The  Sdleln  Incliners  pointeth  downward,  and  the  Subftilar  and  the 
hour  of  *  do  defcend  below  the  line  of  1 2,  fo  much  as  the  Deflexion  and 
Angle  from  1 2  to  <5  come  unto.  The  Center  of  the  Dial  is  on  the  North 

'"Thefr^Ss'bdng^bferved ,  you  muft  count  the  Re-inclination 
nfin  P  aw  m  the  equal  Limb  on  the  Back-fide  from  the  left 
h  „yd  toward  the  right  ^  according  as  the  Figures  are  far  and  there 
1  \|  Thred  and  keep  re.  Tlren  obferve  how  ic  cues  the  Lines 
£«  m  S  Center  ,  and  proceed  in  all  things  as  in  the  feventeenth 

bC«eMote  That  you  may  find  the  Inclination  of  a  Plane  by  applying 
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will  cut  the  quantity  of  Inclination  in  the  degrees  of  the  equal  limb 
being  numbred  from  that  fide  of  the  Quadrant  which  toucheth  the 
'Plane.  - — And  for  finding  the  Reclination,  you  may  lay  a  Ruler  to 
the  Vertical  line  of  the  reclining  face,  and  take  the  Inclination  of  the 
under-fide  of  that  Ruler.  Thac  Inclination  will  be  the  fame  with  the 
Reclination. 

Note  alfo,  that  this  here  delivered  for  Eaft  and  Weft  Re-indi¬ 
ners,  is  intended  chiefly  for  drawing  hours  upon  thofc  kinds  of  Planes 
when  you  meet  with  them  upon  Bodies  cut  regularly.  For  other- 
wife  you  will  hardly  ever  find  any  fuch  juft  Plane  upon  a  fixed 
Building. 

Laftly,  for  a  Scale  of  Chords,  which  here,  andinfomcof  the  prece¬ 
dent  Precepts  is  required,  you  may  make  ufe'of  the  equal  limb  of  your 
Quadrant. 

XXV I.  To  make  an  Horizontal  T>ial  to  any  Latitude. 

FIrft,  draw  the  right  Line  B  C,  and  ereff  the  Perpendicular  A  H. 

Then  take  from  the  Center  (  on  either  fide  of  your  Quadrant) 
to  the  third  hour  upon  the  fide  A  C  ^  and  make  A  H  equal  there¬ 
to.  And  draw  F  H  parallel  to  B  C  ;  and  the  line  5  K  7  alfo  juft  in 

the  midft  of  them.  - -After  this  lay  the  Thred  to  the  Latitude  ©f 

the  place  counted  in  the  equal  limb  :  and  take  from  every  point  of  the 
fide  A  C,  the  leaft  diftance  to  the  Thred,  and  fet  each  of  them  down 
both  ways,  namely,  from  A  to  4  and  8,  from  A  to  5  and  9,  to  2  and 
10,  and  from  A  to  1  and  if.  Then  take  from  the  point  r  upon  the 
fide  A  C,  to  the  Thred,  and  fet  that  length  from  K  to  $  and  7  both 

ways.  - You  have  now  nothing  more  to  do,  but  only  from  H  to 

draw  the  Hour*  lines  to  all  the  fore-named  points:  fothc  draught  is 
cafily  finifhed. 

The  Stile  muft  (land  upon  the  Line  of  12,  and  is  to  be  elevated  ao 
cording  to  the  Planes  Latitude :  as  the  manner  is  in  all  Horizontal 
Dials. 

^  The  ufe  of  this  Propofition  is  to  draw  all  Dials  in  any  Lad** 
tude  for  any  diretft  re-inclining  Plane,  For,  the  Re-inclination  com¬ 
pared  (  in  North  Re-incliners)  with  the  Poles  Elevation:  or  (  in 
South  dire<ft:  Re-inclincrs )  with  the  Equinoctials  Altitude ,  will  ea- 
fily  give  the  Planes  Latitude :  in  the  former  the  Difference  was  the 
Elevation  it  felf :  in  the  latter  *  the  Complement  of  the  Poles  Ele¬ 
vation 
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ration.  ——And  this  Proportion ,  with  the  feventeemh  for  upright 
Planes;  the  twentieth  for  upright  E aft  and  Wtft,  and  fo  alio  for 
Polar  Planes  on  which  the  Pole  hath  no  Elevation  :  the  twenty  fifth 


for  Eaft  and  Weft  Re- inclines  :  the  eighteenth  for  full  North  and 
South  ere£! ,  will  furnifh  you  with  ways  to  draw  Dials  upon  fuch 
regular  Bodies,  whofe  Planes  have  any  fuch  of  the  fore- mentioned 

Afpe$s. 

.  «  -  -  -  ,  *  ■ «  , '  '  _i»v  '*•  *  *  *  *  * 

XXVII.  To  find  the  BoHr  of  the  Night  by  the  Stars, 


1 


|"'HE  Stars  upon  the  Quadrant  (  one  or  other  of  them}  will  ai- 

1  wavs  be  in  a  convenient  place  of  the  Heavens:  that  is,  of  two  or 

*  -  '  more 


160  To  find  the  Hour  of  the  Night  by  the  Stars 

more  hoars  Diftance  from  the  Meridian.  - - Having  then  made 

choice  oF  that  Scar  that  is  fitted:,  look  what  number  is  annexed  to  the 
name  of  it.  Seek  that  number  in  theleft  margin  of  the  fore-fide  of 
your  Quadrant,  clofe  by  the  Hour-lines,  and  re&ifie  the  Bead  to  it! 

- - Then  hold  up  the  Quadrant  dead  if  y  ;  with  the  fights  levelled  t® 

the  Star,  as  if  you  were  to  take  the  Stars  Altitude :  and  you  fhall  find 
the  Bead  to  fhew  (among  the  Summer  hours  of  the  Quadrant)  the 
Motion  of  the  Star  in  Hours,  Quarters,  and  parts  of  a  Quarter. 
This  is  called  the  Stars  Hour  ;  but  this  is  not  the  Hour  of  the  Night 
till  it  be  turned  into  the  Suns  Hour :  which  thing  is  to  be  done  in  this 
manner.  ‘  f 

Look  upon  the  back- fide  of  the  Quadrant  for  your  Star,  and  lay  the 
Thred  upon  it  ;  flipping  the  Bead  down  to  the  flope  hours  below,  till  it 
ftand  upon  the  fame  quarter  and  part  (from  fame  juft  hour  on  the  left 
hand  of  the  Bead)  with  the  Stars  hour  before  found.  Then  note  the 
faid  hour  on  the  left  hand  which  goeth  next  before  the  Bead  ,  for  that 
mud:  be  fuppofed  to  reprefent  the  Stars  hour,  and  muft  therefore  be 
called  by  the  fame  name  or  number  that  the  Stars  hour  was.  And  the 
following  hours  (from. the  Bead  towards  the  right  hand)  muft  fuccef- 
fively  take  their  numbers  until  you  come  to  be  under  the  day  of  your 
Month.  Linto  which  day  if  the  Thred  be  laid,,  the  Bead  will  (by 
keeping  of  your  former  account)  fhew  the  true  hour,  quarter,  and  part 
of  the  Night.  /  ]  ^ 

Example  I.  On  January  the^  20 th.  the  hour  of  Cor  Leonis  was  ob- 
ferved  Eaftward  of  the  Meridian,  to  be  9  and  f  part  of  a  quarter.  The 
Thred  laid  upon  that  Star,  on  the  back-fideof  the  Quadrant,  will 
crofs  the  flope  hours  as  doth  the  Line  A  B,  and  the  Bead  put  down  to 
the  fore- mentioned  parts  of  the  hour,  will  ftand  at  the  point  B.  So 
that  the  hour  C  muft  be  called  9  a  Clock,  which  is  the  obferved  hour  of 
the  Star.  Then  the  Line  D  muft  be  called  10  a  clock  :  and  the  Thred 
being  put  to  January  20.  (taken  in  the  lower  circular  Line  of  Months) 
will  lie  in  the  line  A  E  ;  and  the  Bead  at  E  (hews  the  time  of  the  Night 
to  be  paft  (the  line  D,  that  is  paft  )  10  a  clock  about  \  and  f  pare  of 

a  quarter,  which  is  1 5  and  J  ntin.  or  lomin.  paft  io  at  Night. - But 

if  this  Obfervation  had  been  made  upon  the  fecond  day  of  November: 
then  the  Thred  laid  upon  the  day  given  in  the  lower  Circle  of  Months, 
November  2,  would  lie  in  the  line  A  F:  and  the  Bead  would  be  upon 
the  full  Hour-line  that  pafleth  through  F,  which  would  be  4  a  Clock 
in  the  morning.  For  if  the  line  C  be  <?,  the  line  D  is  1 0,  the  next  line 

is 
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is  rij  and  fo  forward  till  your  account  fall  upon  F  :  which  muft  be  4 
a  clock  paft  ( 1 »  or)  Midnight. 

Example  II.  Upon  the  8  of  the  Star  Aqulla  was  feen  on  the 

Weft  fide  of  the  Meridian,  and  the  hour  of  it  was  found  $  and  i  an  hour 
and  i  a  quartet.  The  Thred  therefore  being  laid  upon  that  Star  would 
be  as  the  line  A  G,  and  the  Bead  (rectified  to  the  i  hour  and  i  quarter) 
would  flandat  the  point  G.  So  that  the  next  Hour-line  on  the  left  hand 
of  G,  muft  be  called  3  a  clock,  and  the  line  F  muft  be  8  a  clock#  Then, 
the  Thred  being  removed  to  the  day  of  your  Month  (  Augufi  8,  in  the 
upper  circular  line  of  Months)  will  lie  in  the  line  A  B  ;  and  the  Bead 
at  B  will  few  the  Hour  of  the  Night  (if  you  keep  your  former  account) 
to  be  4  and  half  paft  I  a  clock.  For  if  F  be  8  a  clock  (as  is  before  expref- 
fed)  then  the  laft  hour  of  the  limb  is  1 x>  the  firftis  ily  the  fecond  r * 
beyond  which  the  Bead  B  is  about  urn*  of  an  hour.  Therefore  the 
hour  of  the  Night  is  x  a  clock  2  2  min. 

By  thefe  Examples  the  manner  of  the  work  will  fufficiently  appear  in 
allcafes.  f  y 'i':- 

\  **'—-*++-**r~-  — r  * — -  "  . 

4*  jr.  '  •  *  /  *  ■  x 

The  Vfeef  the  AltimetricJ^Scale . 

if’'  1  ' 

*  _  "  :  '  . 

THE  Scale  on  the  Fore- fide  of  the  Quadrant  next  to  the  equal 
Limb  is  here  called  the  Altimetricjc  Scale.  It  is  numbred  by  r, 
2}  3,  to  10,  20,  36,  &c.  to  100.  Each  of  which  numbers  arc 
beft  fuppofed  to  be  100  fold,  viz,*  100,  200,  to  loco,  2000,  &e . 

to  10000  :  and  all  the  leffer  parts  eft i mated  accordingly.  - . — The 

ground  on  which  you  ftand  to  make  your  mcnfuracion,  is  alfo  fuppofed 
to  be  a  juft  Level.  , 

I.  To  find  any  Height  at  we  Ohfervatlon 

LEt  your  Station  be  at  E  3  and  the  fights  DA  dire&ed  to  the  point 
F  :  the  Thred  A  B  cuts  off  the  parts  C  B  in  the  meafuring  Scale : 
which  parts  muft  be  remembred.  -—Then  meafure  from  your  Station  E, 
to  fe  point  H,  which  is  juft  under  F.  And  always  in  this  cafe  multi¬ 
ply  this  diftance  E  H  by  the  fore- named  parts  of  C  B,  and  from  the  Pro- 
duft  cut  off  three  figures  towrard  the  right  hr  nd#  The  Remainder  is  the 
Altitude  G  F.  To  which  you  muft  add  HG,  or  D  E,  the  height  from 
your  eye  at  D  to  your  foot  at  E. 

•  X  n  Thus 

4  il  *  -  ^ 


'W. 


fill 
111 
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Thus  if  the  Thred  AB  fhould  cut  off  C  B  1500  parts,  ahtf  the 
f  Diftance  E  were  jgTeer,  the  height  G  F  would  be  38.  5000  or  78 1 
feet. 

IT.  To  find  p  art  of  an'  Attitude* 


* 

L Ft  the  length  of  F  X  be  only  required.  Standing  then  atE,  you 
may  find  the  Altitude  G  F.  Keep  (till  the  fame  Standing  at  E,  and 
.  find  the  Altitude  G  X  by  the  laft  Precedent.  So  G  F  taken  from  G  X, 
gives  F  X  required. 


III.  Standing  upon  a  known  Height  to  find  a  Difiance, 


Et  the  height  F  Hjbc  knowi?3  and  the  Diftance  H  K  be  required.  Or- 
'  der  y.our  (landing  fo3  that  the  two  fights  P,  S,  the  point  F,  and 
die  Diftance  K,  may  alt  appear  in  one  right  line.  Then  look  what  de¬ 
grees  the  Plummet  cuts  off  in  the  equal  limb  from  Count  the  fame 
number  in  the  fame  limb  from  S  ;  and  there  lay  the  Thred>  as  PT. 
Mote  then  what  parts,  it:  cuts  upon  the  meafuring  Scale  from  Qjo  T. 
Multiply  thofe  parts  into  F  H  the  known  Altitude  :  and  from  the 
Produil  cut  off  three  Figures  the  Remainder  or  Quotient  is  the  Di- 
%nce.  HJfe, 

Thai 


■  TV  tde  different  Altitudes*  1 

Thus  if  the  Thred  P  R  (hould  cut  off  QR  in  the  equal  limb,  'y6'fd« 
grces,  the  fame  counted  the  other  way  from  S  toT  in  the  equal  limo,, 
and  the  Thred  laid  thereto  would  give  66j  in  the  meafuring  Scale. 
Then  F  G  being  88  i  feet  and  GH  /fuppofe)  five  feet,  F  H  mult  be 
p ;  i  feet.  This  multiplied  into  66 7,  makes  62364:  from  whence 
cutting  away  the  three  right  hand  figures,  there  remains  62.364  or  61  T 
feet  for  the  Diftance  H  K. 

IV.  To  find  part  ef  <t  Diftance. 

IF  the  Diftance  of  K  from  Z  were  required.  Firft,  find  H  K,  then 
H  Z,  by  the  third  precedent :  their  Difference  isKZ.  It  K  Z  were 
a  Trench,  you  might  from  the  Tower  F,  find  thebredch  of  it  without 

any  approach  unto  it. 

V.  Te  fisd  a  Height  at  tm  Obfervathns. 

IF  F  H  were  to  be  meafared,  and  the  way  from  E  to  H  were  unpayable* 
fo  that  the  Djftance  of  E  from  H  could  not  be  meafured.  xYou 
muft  in  this  cafe  make  two  Observations.  For  which  pur  pole,  take 
your  firft  fradon  atE,  and  direft.  the  fights  D,A,  to  the  point  F:  no¬ 
ting  what  parts  the  Thred  cuts  upon  the  equal  limb  from  C  to  B.  Then 
go  backwards  in  a  right  line,  to  a  competent  Diftance,  as  to  Mji ind 
there  making  a  fecond  Ration,  obferve  (as  before)  what  dcgreesthe  Thred 
cuts  upon  the  equal- limb  from  N  to  O  :  ("the  two  fights  L, I,  being  iutt- 
ly  direfted  to  the  point  F.)  Then  count  thefe  two  Arks  in  the  equal  limb 
from  the  contrary  fide  of  the  Quadrant ,  namely  from  D  to  Y,  and 
from  L  to  *  and  applying  the  Thred  thereto,  look  what  pai  ts  it  cuts 
f  °m  the  meafuring  Scale  at  Y  and  V.  Take  the  leffer  number  of  parts 
out  of  the  greater,  noting  the  Difference.  Meafure  alfo  the  Diftance  of 
your  two  ftadons,  namely,  from  E  to  M,  and  add  three  ciphers  to  that 
meafure ;  This  laft  number  muft  (111  this  kind  of  work)  be  divided  ^al- 
wayaby  the  fore- noted  Difference  s  and  the  Quotient  will  give  the  Alti¬ 
tude  of  F  above  G. 

Example. 

Let  the  firft  Obfervadon  cut  off  38  f  gr.  in  the  equal  limb,  The 
fecond  Stfl^.  Count  the  firft  Ark  from  D  to  Y:  the  Thred  there 
laidgives  i  /join  the  meafuring  Scale.  The  fecond  fo  counted _  from 
LtoV,  gives  667  :  The  Difference  of  thefe  two  is  583.  Let  the  Dr- 

X  x  x  2 


To  take  Altitudes  and  Dijlatttesl 

fiance  of  the  Rations  meafured  from  E  to  M ,  be  51.  <?©  fset.  This 
number,  with  three  ciphers  added,  is  5160000.  Which  divided  by 
55$  (che  rormer  Difference)  gives  in  the  Quotient  88.50  or  88  L  feet 

*?***«&  G F#  And  lf  G  H  be  5 foot more t  The  whole Heighth 
H  F  will  be  9,]  i  feet.  ,  6 

€  Note,  That  in  chefe  Menfurations ,  the  -point  G  is  fuppofed  to* 
to  ftand  in  the  fame  Level  with  the  corner  of  your  Quadrant 
D  and  L.  So  that  GH,D  E,  L  M  are  all  of  one  Heighth.  And 
note  too,  that  the  two  ftationary  points  are  E  and  M,  namely, 
thofe  which  are  juft  under  the  corners  D  and  L.  * 
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Tables  of  Logarithms. 

**  r 

V  >  ''t  .  *  *  *)  •  *  # 

Ogarithmetick  is  a  Logical  kind  of  Arrthmctick ,  or  arti¬ 
ficial  ufe  of  Numbers  invented  for  the  cafe  of  the  Cal- 
i*  culation,  wherein  each  Number  is  fitted  with' an  Arci- 
*2  ficial ,  and  thefe  Artificial  Numbers  fo  ordered,  that 
what  is  produced  by  Multiplication  of  natural  Num¬ 
bers,  the  fame  maybe  effected  by  the  Addition  of  thefe 
their  Artificial  Numbers  *  what  they  perform  by  Divifion,  the  fame  is 
here  done  by  Subtra&ion  t  and  fo  the  hardeft  part  of  Calculation  avoi¬ 
ded  by  an  cafie  Proflhaph^refis.  .  "/ 

All  this  fhall  be  made  plain  by  applying  that  to  thefe  Artificial  Num¬ 
bers  which  I  have  fee  down  before,  fo^the  ufe  of  my  Lines  of  Num¬ 
bers’,  Sines  and  Tangents  in  the  Ufe  of  the  Seaor  and  Crofs- Staff. 
Wherein  the  Reader  is  to  obferve,  that  what  is  to  be  wrought  by  round 
Numbers  only ,  is  beft  do«e  by  Mr.  Brigges  his  Logarithms,  but  the 
Agronomical  part  concerning  Arks  and  Angles,  by  my  Canon  of  Arti¬ 
ficial  Sines  and  Tangents. 
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The  general  Vfe  of  the  Canon 


CH.AP.  I. 


■  i  * 


Concerning  the  Vfe  of  the  Line  of  Numbers ,  1  have  Jet  down  ten 
general  Proportions  in  the  jirjl  "Book  of  the  Vfe  of  the  Crofs- 
Staffs  Chap*  VI,  and  thofe  may  be  applied  to  the  Table  of 
Logarithms, 

P  R  O  P,  I.  JV 


jr 


To  multiply  one  Number  by  another , 


THis  is  the  fixth  Proportion  of  the  ten  ;  but  I  begin  with  the  eafiefl, 
add  the  Logarithm  of  the  Multiplicator,to  the  Logarithm  of  the  Mul¬ 
tiplicand,  the  $m  of  both  (hall  be  the  Logarithm  of  the  Rrodud* 

As  when  when  we  multiply  2$  by  30,  theProdu&is  "  750 

So  here,  add  the  Logarithm  of  25,  viz,  1.39794001 

To  the  Logarithm  of  30  *-477 12125 


The  Sum  of  both  will  be 
And  this  is  the  Logarithm  of  7  5*0, 

In  like  manner,  if  we  multiply  10  by  10,  the  Produd  is 
If  100  by  10,  the  Produd  is  iooo  fo  here 


2.87506125 


100 


The  Logarithm  of  I  o  being 
The  Logarithm  of  1 00  (hall  be 

1000 

IOOCO 

100000 


It 


1*00060000 

2.00000000 

3.00000000 

4.00000000 

5.00000000 


And  fo  forward :  All  intermediate  Numbers  which  have  intermediate  - 
Logarithms. 

Ifwemultiply  ioiby  io,  the  Produdis  z 010  •  of  I02by  io,the 


Produdis  1020: 

The  Logarithm  of  10,  viz* 
Added  to  the  Logarithm  of  1  o  1 
Gives  the  Logarithm  of  1010 


fo  here 
I.oooooop®; 
2.00431137 
3.00432137 


The  fame  Logarithm  of  10 
Added- to  the  Logarithm  of  102 
Gives  the  Logarithm  of  1020 


1.00000000 

2.00850017 

3.00850017 

The 


* *  r*»d  fables  of  'Ugmtbmu 

The  Difference  being  only  in  the  fii  ft  Figure,  and  that  is  always  lefs 
by  one  than  the  number  of  Places,  in  the  Number  given.  As  when  we 
find  the  Logarithm  to  be  2,008600*7  the  hill  Figure  2  is  Charafte- 
rfftlai,  i.  e.  the  Index,  (hewing  that  the  whole  number  r02  belonging 
to  this  Logarithm,  confifts  of  three  places.  If  the  Logarithm  had  been 
1, 00850017,  the  whole  Number  muft  have  been  10.2  conhlting  ol  two 

places,  and  the  reft  a  Fra&ion  f  0*  .  v<r  L 

If  the  Logarithm  were  *  *  0,00860017  the  Number 

belonging  to  it  would  be  I.  02,  1.  *  and  Too*  And  c  \S 

one  of  the  reafons  why  the  Differences  were  omitted  in  the  hrltnundre 
Logarithms.  All  thofe  Logarithms  may  be  found  afterwards  under  a 

larger  Index.  ,  ^  .  ,  , 

Again,  if  we  multiply  201  by  5,  the  Produ&  is  100^;  10  here  o 

If  we  add  the  Logarithm  of  5  unto  the  Logarithm  of  201,  the  Sum  or 
both  fhallfce  the  Logarithm  of  1005,  and  the  Sum  of  the  Logarithms  or 
5  and  203  dial!  be  the  Logarithm  of. 101 5,  Thus  the  molt  part  or 
Table  may  be  continued  beyond  1 00a 

'  PROP.  II* 

/  ■ 

Tq  divide  one  Number  by  another . 

■  t  r-  ,  '  -  y,V-  l  :  *  a 

SUotra&  the  Logarithm  of  the  Divifor,  out  of  the  Logarithm  of  die 
Dividend,  the  Remainder  lhall  be  the  Logarithm  of  the  Quotient. 

As  when  we  divide  750  by  2?,  the  Quotient  is  30  fo  here 
From  the  Logarithm  of  750,  viz*  2*87506126* 

Subtract  the  Logarithm  of  2  5  -  ,  3  *397 94°  01 

f f! - ■*— 

♦  There  remains  the  Logarithm  of  3^  *'477llli$ 

In  like  manner,  when  we  divide n  by  4,  the  Quotient  is  if ,  fo 
here  the  Logarithm  of  4*  viz*.  *  0.60205999 

Taken  from  the  Logarithm  of  1 1  1  •  °4 1 3 9 1&9 3 

Leaves  the  Logarithm  of  2  |  r  °V^i9ir7° 

Wherefore,  if  it  were  required  to  find  the  Logarithm  of  a  whole  Num¬ 
ber  with  a  Fradion  annexed  (as  of  2  £)  we  might  firft  reduce  it  into  an 
improper  Fraftion  of  AJ  (of  rather  of  fil  )  and  then  fubtraft  as  before. 

Ifk  were  required  to  find  the  Logarithm  of  a  fingle  Fradhon,  as 
of  y  we  may  (ubtraft  as  before :  But  this.Fra&ion  being  lefs  man 
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the  Logarithm  tnuft  be  left  than  o,  and  therefore  noted  with  —  a  de- 
fe$ive  fign. 

So  the  Logarithm  of  1 J  or  l  4  is -j-  0.4393  3270 

And  the  Logarithm  ©f  '  —  o  43933270 

PROP*  III. 

»  •  •  ;  ■  4i‘  ,i|  .  *  .  v  i  *✓  X  * 

To  find  the  Square  "of>a  Number, 

HAlf  the  Logarithm  of  the  Number  given  is  the  full  Logarithm  of 
the  Square  Root. 

So  the  Logarithm  of  144  being  '  ’  3. 15836*49 

The  half  thereof  is  ,1.07018124 

the  Logarithm  of  I  a,  and  (uch  is  tht  Square  Root  of  144. 

Then  by  converlion,  having  extra&ed  the  Square  Roor,  we  may  foon 
find  the  Logarithm. 

As  the  Logarithm  of  10.0000  being  1.00000000 

The  Logarithm  of  the  Square  Root  316227,  is  0.50000000 

And  for  the  Root  of  that  177827  0.25000000 

PROP.  IV.  •  . 

*  * 

7#  find  the  Cubiqste  Root  of  a  Timber. 

THe  third  part  of  the  Logarithm  of  the  Number  given'  is  the  full 
Logarithm  of  the  Cubique  Root •  f 

Sothe  Logarithm  of  125  is  2,09691001 

And  f  the  Logarithm  of  5  0.49897600 

By  the  fame  reafon  we  may  find  the  Biquidrate  Root, '  by  dividing  the 
Logarithm  of  the  Number  given  by  4 :  the  folid  Root,  by  dividing  by  y, 
and  fo  forward. 

And  by  converfi&n,  having  extra&ed  the  Root,  we  may  foon  find  the 
Logarithm. 

As  the  Logarithm  of  10.000,  &c,  is  1.00000000 

The  Logarithm  of  the  CubiqueRoor,  21544  ©.3333333$ 

The  Logarithm  of  100.000,  &.00000000 

The  Logarithm  of  the  Cabique  Root  4641  0.66666666 

Then  multiplying  the  Square  and  Cubique  Roots  one  by  another,  we  may 
produce  infinite  other  Numbers,  and  Have  all  their  Logarithms. 

PROP* 


* 


i  a»d  Tables  of  Logarithms, 

PROP.  V. 

Three  ’Humbert  king  given,  lefini  *  fourth  Tnportltnul. 


169 


24 

4 


1  38021124 
0.60205999 


T  His  Golden  Rule  the  m®ft  ufeful  of  all  others  may  be  wrought  fe~ 
veral  ways,  as  it  appears  by'this  Example  s 
As  t2  unto  24  :  fo  4  to  a  fourth  number.  .  ...  ..  r 

The  ordinary  way  in  Arithmetic!;  is  by  Multiplication  and  Divifion.  L  ^ 
For  firft  they  multiply  the  fecond  into  the  third,  and  then  divide  the  &  ?  diviJ 
Produft  by  the  fitft  Number  given.  As  here,  multiplying  24  by  4,  the  &s  pec  t> 
Produfl  is  96,  then  dividing  96  by  1 2,  the  Quotient  will  be  8,  the  fourth 

nUAcbco\dnirto‘dmtay  we  add  the  Logarithms  of  the  fecond  and  thud, 

and  fubtrad  the  Logarithms  of  the  firft,  fo  that  wh.ch  remaineth  (hall  be 
the  Logarithm  of  the  fourth  Number  required.  „ 

Thus  the  Logarithm  of  the  firft  Number  12  is  -79  S 

The  Logarithm  of  the  fecond 
The  Logarithm  of  the  third 

TheSumofthe  fecond  and  third  Logarithms 

Subtraathe  firft,  and  there  remaineth  o<?°33«P9>> 

And  thisis  the  Logarithm  of  8,  the  fourth  Proportional.  n.l 

A  fecond  way  in  Arithmetick  is  by  Divihon  and  Multiplication.  or  Quoins 
,  sru.f.rnnj  Number  is  greater  than  the  firft,  they  may  divide  the  lper  1  di- 

*•  :hi;?  b»  T-  &S: 

here,  dividing  24  by  12,  the  Quotient  is  2  .  t  en  mu  tip  ying  4  y  5  in  tertim 

aarithm  of  the  fecond,and  then  add  the  difference  to  the  Logarithm  of  the 
So  the  Sum  of  this  Addition  (hall  be  the  Logarithm  of  the  fourth 

rt^rhu^(heLogantlimof the fiiftNumber  n  is  ,'XmL'  .  ' 

The  Logarithm  of  the  fecond  24  1.38021124 


The  Difference  between  the  increafing 

Added  to  the  Logarithm  of 
Gives  the  Logarithm  of 


4 

8 


30102999 

o.  60205999 
0.9  0308998 
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A  third  way  in  Arithmetick  is  by  Divifion  and  Divifion,  for  where 
ns  the  fecond  Number  is  lefs  than  the  firft,  they  may  divide  the  firft  by 
lt  the  fecond,  and  then  again  divide  the  third  by  the  Quotient.  As 
3 ’here,  dividing  12  by  4,  the  Quotient  is  3  ;  then  dividing  2fhy  3,  the 
Quotient  is  8. 

According  to  this  way  we  take  the  Logarithm  of  the  fecond  out  of  the 
Logarithm  of  the  firft,  and  then  take  the  Difference  out  ©f  the  Logarithm 
of  the  third :  fo  that  which  remaineth  fhall  be  the  Logarithm  of  the  fourth 
Number  required. 

Thus  the  Logarithm  of  the  firft  Number  12  is  1.07918123 

The  Logarithm  of  the  fecond  '  4  ©,60205999 

The  Difference  deer ea  fing  477  1212 


vSubtra&ed  from  the  Logarithm  ofv  24.  1.38021124 

Gives  the  Logarithm  of  8  0,90308999? 

Thefe  two  latter  ways  by  Difference  of  Logarithms,  may  be  confider-  - 
ed  as  the  fame.  Though  there  be  fome  difference  between  them,  yet  that 
may  eafily  be  reconciled,  if  we  have  regard  to  the  nature  of  the  queftion. 
For  three  numbers  being  given  in  direft  proportion,  if  the  fecond  be 
greater  than  the  firft,the  fourth  muft  be  greater  than  the  third  .Ti  the  fecond 
be  lefs  than  the  firft,  the  fourth  muft  be  Jefsthan  the  third, and  their  Loga¬ 
rithms  accordingly.  But  in  reciprocal  proportion?  confidering  the -fir  ft  and  : 
fecond  numbers  to  be  of  ©ne  denomination,  we  are  to  obferve  the  contrary. 
If  we  defire  to  turn  Subtra&ion  into  Addition,  we  may  take  the  Lo¬ 
garithm  which  is  to  be  fubtratfted  out  of  the  Radius,  and  add  the  Com¬ 
plement.  So  the  Sumof  this  Addition,  the  Radius  being  fubtra&ed,  fhall 
give  the  required  Logarithm  as  before. 

Thus  in  the  laft  Example :  where  fubtrafting  the  Difference  4.771 21 16  3 
©utof  1. 38021 1 24, the _  Logarithm  of  24*  we  found  the  Remainder  to  be 
0*90308998  the  Logarithm  of 

The  Radius  being  20.00000000  * 

ThcLogarithmstobefubtradled  0.4771 2  ra5 


The  Complement  to  the  Radius  is  - 
This  added  to  the  Logarithm  of  24  a 


9-53 287874 . 
1.38021  124 


Gives  us  a  compound  Logarithm  , 

» 


20,9030899^ 
From  , 


mi  Tables  of  Ltgmibm'*  xjt 

From  this,  if  we  fubtra£t  the  Radius,  (that  is,  if  we  cancel  the  fit  ft 

figure  to  the  lefc  hand)  the  reft  is  0,90308998 

the  Logarithm  of  8,  the  fourth  Proportional,  as  before. 

By  help  of  this  fourth  Proportional  we  may  come  fomewhat  near  to 

^  find  a  Logarithm  for  a  number  of  6  places.  0  0 

As  if  it  were  required  to  find  a  Logarithm  for  this  number  000024, 

I  the  Table  will  afford  us  Logarithms  for  a  leffer  and  a  greater  number  5 
and  then  the  intermediate  may  be  found  by  the  part  proportional  in  this 
manner. 


Here  we  have  the  Logarithm  of  #  ^68 

And  the  Logarithm  of  the  next  following  869 

And  the  tabular  Difference  between  them 
If  the  Index  be  fitted  to  the  number  of  places, 
The  Logarithm  of  868000  fhallbe 

And  the  Logarithm  of  869000 


7? 

2.95901978 


50005 

5.9385197? 

5.93901978 
50005 


The  Difference  being  1000 

Then  taking  868000  opt  of  868624,  (the  number  given)  the  third 
Difference  will  be  624.  And  having  thefe  three  Differences  the  Pro- 
portion  will  hold. . 


As  1000  mu  5000$ 

So  6 24  **to  the  Part  Propor¬ 
tional  to  be  added  to  the  leffer  Logarithm  5  •  9  3  ^5 1 97  5 

fo  fhall  we  have  5.93883176  for  the  Logarithm  required. 

In  like  manner,  having  a  Logarithm  given,  we  may  find  the  value 

ofitina  number  of  fix  places.  ~ 

As  if  the  Logarithm  given  were  3*9^083182 

and  it  were  required  to  find  the  Number  to  which  it  belongeth .  ^ 

This  Logarithm  is  not  to  be  found  in  the  Table;  but  changing  the 
Index  and  making  it  2  93 

The  next  leffer  Logarithm  of  868  is  **93®5 *973 

And  the  tabular  Difference  following  50005 

And  the  proper  Difference  '  31209 

As  the  tabular  Difference  50005  unto  10000© 

So  the  proper  Difference  $ll©9  Hni0  . 

the  part  proportional  to  be  joyned  to  the  end  of  the  former  number  8682 
r  r  Yyy  2  fo 
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fo  fhall  we  have  86862411  for  the  value  of  this  Logarithm.  But  the 
Index  of  the  Logarithm  being  3,  the  Number  required  muft  confift  of 
four  places,  viz,.  8686,  and  the  reft  a  Fraction  of  x§f. 

This  I  fay  is  fomewhat  near  the  Truth.  For  this  number  here  propo¬ 
sed  868624  is  the  Square  of  9  32, 

The  true  Logarithm  of  the  Root  932  is  2.9694 1591 

The  true  Logarithm  of  the  Square  868624,  5.93883182 

P  R  O  P.  VI. 

-  I  >  * 

Three  Numbers  being  given  3  to  find  a  fourth  in  a  duplicated 
Proportion. 

IN  Queftions  that  hold  in  a  duplicated  Proportion  between  Linesand 
Superficies,  the  Logarithms  for  Lines  given  may  be  doubled,  the  Lo¬ 
garithms  for  Lines  required  may  be  halfed,  and  then  the  work  will  be 
the  fame  as  in  the  firft  part  of  the  former  Propofition. 

Suppofe,  the  Diameter  being  14,  thecontent  of  the  Circle  was  154 
the  Diameter  being  2  8,  what  may  the  content  be  ?  " J 

Here  the  Queftion  concerns  both  Lines  and  Superficies,  I  double 
the  Logarithms  of  the  two  Lines  given,  and  then  work  as  before  in  this 
manner  • 

i 

The  Logarithm  of  14  us 

The  Logarithm  of  28  “ 

The  fame  again 
The  Logarithm  of  1 5:4 ; 

The  Sum  of  thefelaft 
$ubtra6f  the,  double  of  the  fij  ft 
There  remains  the  Logarithm  of  616 
And  fetch  is  the  content  of  the  Circle  here  required,’ 

Suppofe  the  content  of  a  Circle  being  1 54*  the  Diameter  of  it  was  14 ; 
she  content  being  6a  6,  what  may  the  Diameter  be  ? 

Here  being  one  Line  given,  and  one  Line  required,  I  double  the  Lo¬ 
garithm  of  the  Line  given,  and  then-working  as  before,  the  half  of  the 
remainder  ftiallJbetheXogaruhm  of  the  Line  required* 

Thuf 


1.14612803 


1.447 1 5  8©3 
1.447^803 
2.18732072 

5.08183678 

2.29225606 

2.78958072 


and  Tables  efLcgmthmP, 
Thus  the  Logarithm  of  i  J4  ‘s 


The  Logarithm  .of 
The  Logarithm  of 
The  fame  again 


616 
14  = 


2*78958072 

1.14612803 

1.14612803 


The  Sum  of  thefe  three  laft 
Subtradl  the  Logarithm  of  the  firft 
The  Remainder  will  be 
The  half  thereof  is 

The  Logarithm  of  28  the  Diameter  required. 


5,08183678 

2.18752O72 

2.80431606 

1,44715803 


-irrm  dine’  to  the  fecond  manner  of  operation,  the  difference  be-' 

:w^«i  the  Logarithms  of  ^content  ^Wen^may^be'halfed,  ^ncT  then  the 

W?wm  be°  the  ame  as  in  the  latter  part  of  the  former  Propofition. 

*V°So  i'rnhe  firft  Quell  ion,  where  the  Diameters  were  given  and  the  con- 

tent  required.  .  3.14612803 ; 

The  Logarithm  of  f4  is  r. 44715803 

The  Logarithm  of  28  ^  _ 


The  Difference  increafing 


30103000 


•The  double  of  this  Difference 

Added  to  the  Logarithm  of  154 
Gives  the  Logarithm  of  616 


60206P0© 

2.1875207*2 

2.78958072 


,nd  the  Diameter  of  the  one  required. 

The  Logarithm  of  i  >4 

'The  Logarithm  of 


2.18752072 

2,78958072 


The  Difference  increafing 


The  half  of  this  Difference 
Added  to  the  Logarithm  of 
Gives  the  Logarithm  of 
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PROP.  VII. 

'  •  » 

Three  Numbers  being  given}  to  find  a  fourth  In  a  triflktud 
Proportion. 

IN  Queftiom  concerning  Proportion  between  Lines  and  Solids,  the 
Logarithms  for  lines  given  may  be  tripled  5  the  Logarithms  for  lines 
required  may  be  divided  into  three  parts,  and  then  the  work  will  be  the 
fame,  as  in  the  firft  way  for  the  Rule  of  Three, 


*  Suppose  the  Diameter  of  an  Iron  Ballet,  being  four  inches,  the  weight 
<  of  it  was  nine  pound,  the  Diameter  being  eight  inches,  what  may  the 
\ weight  be  ? 


The  Logarithm  of  4  is 

The  Logarithm  of  8 

The  Triple  of  it 

The  Logarithm  of  9 

The  Sum  of  thefe  laft 

Subtract  the  Triple  of  the  firft  Logarithm 

There  remains  the  Logarithm  of  72 
And  fuch  is  the  Weight  required. 


©.60  a  05999 
0.90308999 

2.70926997 

0.9*424251 

3.66551247 

1.  $06 17997 
>•85753251 


Suppofe  the  Weight  of  an  Iron  Bullet  being  nine  pound  >  the  Dia- 
tfneter  was  four  inches;  the  Weight  being  feventy  two  pound,  what 
may  the  Diameter  be  ? 

The  Logarithm  of  9 


The  Logarithm  of 
The  Logarithm  of 
The  double  of  this  again 


is  ©*9541425! 

....  — -L— _ 

72  >*85755250 

4  0.60205999 

1.204x1998 

The  fum  of  thefe  laft  3.66551247 

The  firft  Logarithm  fubtra&ed,  there  remains  2.70926996 

The  third  part  thereof  is  o.  90308999 

The  Logarithm  of  8,  and  fuch  is  the  Diameter  required. 

Or 


a»d  Tables  tf  Legmthmsl  I7S 

Of  according  unto  the  fecond  manner  of  operation  in  the  Rule  of 
Three  the  Difference  between  Logari  thms  of  lines  given  may  be  tripled  ; 
the  Difference  between  the  Logarithms  of  the  Solidity  or  Weight  given 

may  be  divided  into  three  parts.  ,  .  v. 

So  in  the  fitft  Queftion,  where  the  Diameters  were  known,  and  the 

Weight  required^ _ £  __  js  0.60205999 

o  90308999 


The  Logarithm  of 
The  Logarithm  of 


4 

8 


The  Difference  increafing 

The  triple  of  this  Difference 
Added  to  the  Logarithm  of 


30103000 

9O3O9OOO 

°»9J4H254 


Gives  the  Logarithm  of  72  ,  I‘8i7u3n-1- 

In  the  fecond  Queftion,  where  the  Weight  was  known,  and  the  Di¬ 
ameter  required. 

The  Logarithm  of  9 !  is 
The  Logarithm  of  7  *  • 


0.9542425* 

x.85733250 


The  Difference  increafing 

The  third  part  of  this  Difference 
Added  to  the  Logarithm  of  4 

Gim  the  Logarithm  of  8 

PROP.  VIII. 


90308999 


3<yio  2990 
0.602©  5999  ? 

&■  > .  11  ■*. 

©.90308998 


Wwml  t»o  Numbers  given,  to  find  a  third  In  tontmunl  Proportion,  «  fourth, 
a  fifth,  a  fixth,  Jd  Jo  forward. 

Ccording  to  the  fitft  way  in  the  Rule  of  Three ,  we  may  fuberaft 
L  L  the  Logarithm  of  the  firft  number,  out  of  doable  the  Logarithm 
,f  the  fecond,  the  remainder  fall  be  the  Logarithm  of  the  third,  then 
ubtra&ine  the  Logarithm  of  the  fitft  Number  again,  out  of  the  Loga- 
khms  of  the  fecond  and  third,  that  is  out  of  trlP[£ 

,f  the  fecond,  the  remainder  fhallbe  the  Logarithm  of  the  fourth,  and 

a  forward. . 


xj6 
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As,  when  we  fay:  As  I  unto  2,  fo  2  unto  4,  and  4  Unto  8,  and  $ 
unto  1 6,  &c»  Becaufe  the  firft  Number  is  1,  there  is  no  need  of  Di¬ 
vision,  but  only  to  multiply  2  the  fecond  Number  into  it  felf,  the  Pro- 
du<ft  gives  the  third  Prjporcional  Number  to  be  4:  then  multiplying  2 
into  4,  the  fourth  Proportional  is  8:  and  multiplying  2  into  8,  the 
fifth  Proportional  is  id;  and  fo  forward.  So  here  the  Logarithm  of 
the  firft  number  being  1,  there  is  no  need  of  Subcra&ion. 

But  finding  the  Logarithm  of  2  to  be  0.30102999 

The  double  gives  the  Logarithm  of  4  0.60-233999 

The  Triple  gives  the  Logarithm  of  8  0.90308999 

The  Quadruple  give  the  Logarithm  of  16  1.20411998 

and.fo  forward  in  infinitum.  ✓ 

In  all  other  numbers  that  begin  not  with  1,  we  may  either  fubtraft 
the  Logarithm  of  the  firft  Number  or  add  the  Complement  unto  the 
Radius. 

As  when  the  Numbers  given  are  ico  and  108. 

The  Logarithm  of  the  firft  Number  ioous 
The  Logarithm  of  the  fecond  108 

From  the  double  of  this  fecond  Logarithm 
Subtraft  the  firft  Logarithm,  there  remains 
the  Logarithm  of  1 1 6  the  third  Proportional. 

Again,  fubtraft  the  firft  Logarithm 
Out  of  the  Sum  of  the  Logarithms  of 
The  fecond  Number  and  the  third  Proportional 
There  remains  the  Logarithm  , .  . 

anfweringunto  125  L1-  the  fourth  Number  in  continual  Proportion. 

According  to  the  fecond  manner  of  Operation  we  may  take  the  Dif¬ 
ference  between  the  Logarithms  of  the  two  Numbers  given;  fo  this  Dif¬ 
ference  applied  co  the  Logarithm  of  the  fecond  Number,  fhall  give  the 
Logarithm  of  the  third  Proportional :  the  fame  Difference  applied  to 
Logarithm  of  the  third  Proportional, fhall  give  the  Logarithm  of  the  fourth 
Proportional,  or  the  double  of  this  Difference  applied  to  the  Logarithm 
of  the  firft  Number,  fhall  give  the  Logarithm  of  the  third  Proportional : 
the  treble  of  this  Difference  a  pplied  to  the  Logarithm  of  the  firft  Number, 
.fhall  give  the  Logarithm  of  the  fourth  Proportional  j  and  fo  forward. 

As  in  the  former  Example  where  the  two  Numbers  given  were  1 00  and 
208,  fuppofe  100  increafing  to  10:8,  and  fo  yearly  in  continual  Propor¬ 
tion  after  the  Rate  of  8  in  the  100,  and  that  it  were  required  to  find 
what  this  100  would  grow  unto  by  the  end  of  20  years. 


2.C0000000 

2.03342276 

4.06684752 

2.06684752 

2.00000000 

2.03342376 

2.06684752 

2.09927128 


and  Tables  of  Logarithms. 

The  Logarithm  of  the  flrfl  Number  loo  is 
The  Logarithm  oi  tho  lecorld  1  °8 

i 

The  yearly  difference  ir.creafing 


,  *77 

1.00000000 
2.°334*37<S 

334*37^ 


'  Added  to  the  Logarithm  of  thefecond,  gives  2.0668  27 3* 

the  Logarithm  of  116  for  the  third  Proportional ;  And  fuch  is  the 

increafe  at  the  end  of  the  fecond  year.  f  . 

Again,  the  fame  yearly  Difference  added  to  the  Logarithm  of  the  third 
n  '  1  * 3  3  2.1002  y  128 

AeLogarithm  of  125  &li  for  the  fourth  Proportional,  and  the  increafe 

at  the  end  of  the  third  year,  and  fo  the  reft.  '  . 

But  becaufe  the  Queftionia only  of  the  20th  year  without  knowing 
the  reft, we  may  multiply  the  former  yearly  Difference  5  34*37. 

By  20:  fo  the  Difference  of  20  years  66 847520 

Added.to  the  Logarithm  of  the  firft  Number  .  oo,«£  *;°°°°°°°° 

Gives  the  Logarithm  of  4^  “tj*, 

that  is  466/.  1/.  1 1  d.  fere,  the  Sum  that  ioo-.would  grow  unto  by  the 

end  of  20  years  at  the  rate  propofed. 

Inlikemanner  if  the  two  firft  Numbers  given  were  1 08  and  100 . 
Suppofe  108  decreafing  to  the  too,  and  fo  yearly  in  continual  proportion 
and  that  it  were  required  to  find  what  100  would  decreafe  unto  by  the 
end  ®f  20  years:  Or  (whichis  all  one)  fappofe  100  to  be  due  20  years 
hence,  and  that  it  were  required  to  find  the  worth  thereof  in  ready  mo- 

ney  according  to  the  former  rate.  ,  ✓ 

The  Logarithm  of  the  fit  ft  Number  108  is  2.05342376 

The  Logarithm  of  the  fccond  100  a  00000000 

The  Differences  for  the  year  decreafing  I  W- 3  7 6 

Taken  from  the  Logarithm  of  1 00  leaves  1.96657624 

the  Logarithm  of  9  a  for  thc  third  Pr,0P0' tlona1’  and  iuch  1S  the 
prefent  worth  ■of  ico/.  due  at  the  years  end.  « 

F  The  fame  difference  fubtraited  once  more  haves  1.9331524^ 

The  Logarithm  of  85  for  the  fourth  Proportional,  and  the  pre¬ 
fent  worth  of  100 1.  due  at  the  end  ot  two  years. 

The  fame  Difference  multiplied  by  20  makes  668475  ic 

And  fubtrafted  from  the  Logarithm  of  ico,  leaves  i.33>52,4»° 

.i  .ndtol....h<P.ete 

JL  7.  7. 


«i  .*•  ‘  •  tr. 
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worth  of  loo- ■/.  ducat  theend  of  20  years;  So  that  this  prefent  worth 
being  taken  forth  of  the  100  L  principal  debt, there  remains  78/.  10/.1 
for  the  prefent  worth  of  the  continued  gain  that  may  be  made  either  of 
the  loan  of  1 00/.  or  of  8/.  Annuity  after  20  years  according  to  the  for¬ 
mer  rate. 

If  a  Leafe  of  100/.  by  the  year,  or  fuch  other  yearly  Penfion  were 
toconrinue  for  20  years*  and  that  it  were  required  to  find  the  worth 
thereof  in  ready  money.  This  might  be  found  upon  the  fame  ground  of 
continual  proportion,  and  that  feveral  ways. 

1.  Itappeareth  before,  that  100/.  due  at  the  years  end  is  worth  but 
92  i2-in  ready  money  :  If  it  be  due  at  the  end  of  two  years,  the  pre¬ 
fent  worth  is  85/. 11J-:  then  adding  thefe  two  together,  we  have 
178  /.  J--~  for  the  prefent  worth  of  100  /.  Annuity  for  two  years  and 
fo  forward. 

2.  It  appeareth  before  that  the  prefent  worth  of  8/.  Annuity  for  20 
years  is  78/.  5452  :  and  then  it  follows  by  proportion* 

As  an  Annuity  of  8  /.  0000 

Is  to  the  worth  thereof  7  8, 545  a 


So  an  Annuity  of  loo.ooo© 

Vnto  the  worth  thereof  981,8 147 

3*  As  the  yearly  Loan  of  joo  /.  includes  an  Annuity  of  87.  So  there 
is  a  Sum  equivalent  to  100  /.  Annuity. 

This  Sum  equivalent  may  be  diminifhed  according  to  the  Number 
of  years  as  before :  to  the  Complement  of  the  Sum  diminiflied  to  the  Sum 
equivalent  fhall  be  the  prefent  worth  of  the  Annuity. 

As  the  yearly  gain  of 
To  the  Loan  of 
So  an  Annuity  of 

To  the  Sum  equivalent 


8 

200 
loo 
1  250 


0.90308999 

2-ooeooooo 

2.00000000 

3 09691001 


0.9030  8999 
1.89511953 


9.9202954 

t 

■  »■ 

2.00000000 
2  99202954 


Then 
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Then  for  dimini  filing  of  this  Sum  equivalent,  we  may  multiply  the 

former  yearly  Difference  o 

Bv  20,  fo  the  Difference  for  20  years  06847  5  20 

Taken  from  the  Logarithm  of  1250  3.09691001 

There  remains  the  Logarithm  of  268.1853  2.428434 8  r 

Whofe  Complement  to  1150  is98i.8!47>  that  is  981  L 
andfuch  is  the  prefent  worth  of  100/.  Annuity  for  20  years,  at  the 

rate  of  8  in  the  100  per  annum. 

The  like  reafon  holdeth  for  any  other  rate  and  time  propoled. 

PROP.  IX. 

Having  two  extreme  Timbers  given,  to  find  a  mean  Propor¬ 
tional  between  them • 

•  *  . 

ADd  the  Logarithms  of  the  two  extreme  Numbers:  the  one  half 
of  the  Sum  (hall  be  the  Logarithm  of  the  mean  Proportional. 
Asif  thetwo  extreme  Numbers  given  were  8  and  3*. 

The  Logarithm  of.  8  «  ?fo  So8 

The  Logarithm  of  3 *  -5  ?  499 

The  Sum  of  both  Logarithms  *  fnliioaS 

The  half  of  thisSum  is  1.20411998 

The  Logarithms  of  id:  and  fuch  is  the  mean  Proportional  here  re¬ 
quired,  '  ' 

PROP.  X. 

#  *•» 

|:  *  . 

Having  two  extreme  Numbers  given,  to  find  two  mean  Pro¬ 
portionals  between  them. 

IN  rhe  ordinary  way  of  Arithmetick  we  commonly  multiply  the  great- 
er  Extreme  by  the  Square  of  the  letter,  fo  the  Cubique  Root  of  the 
Produa  lhall  be  the  leffer  mean :  then  multiply  ing  the  lelfer  Mean  .mo 
the  greater  Extreme,  the  Square  Root  of  the  Produa  (hall  be  the  greater 
Mean  Proportional :  Or  having  found  the  leffer  Mean,  we  may  find  th. 

of  .he ST®"  £»«»';, » 
i *,  dM pm  of  *.S.«  Mite 

Z  z  z  2 
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the  Logarithm  of  the  letter  Mean,  Then  adding  this  Logarithm  of 
the  letter  Mean,  to  the  Logarithm  cf  the  greater  Extreme,  the  one  half 
of  the  Sum  (hall  be  the  Logarithm  of  the  greater  Mean  Proportional, 


As  if  the  two  extreme  Numbers  given  were  8  and  27. 
Add  to  the  Logarithm  of  8,  viz,* 

The  fame  again 

And  the  Logarithm  of  27 

The  Sum  of  thefe  will  be 
The  third  part  of  this  Sum  is 
the  Logarithm  of  1  2  the  letter  Mean  Proportional. 
Add  to  this  Logarithm  of  the  letter  Mean- 
T  he  Logarithm  of  the  greater  Extreme 


0.9030  8999 
o,  90  3  08900 
M37H374 

3  2?7S4?74 
1.07918125 

V 

1.07918123 

1.4313673* 


The  Sum  of  both  Logarithm  will  be  2.51054501 

.  And  the  half  of  this  Sum  is  2.15527250 

The  Logarithm  of  1 8,  the  greater  of  the  two  Mean  Proportionals  here 
required. 


Or  according  to  the  fecond  manner  of  Operation  in  the  Rule  of  Three 
(which  is  the  wjork  that  I  always  follow  in  the  line  of  Numbers)  we* 
may  take  the  Difference  between  the  Logarithms  of  the  two  excreme 
Numbers,  and  divide  this  Difference  into  three  equal  parts,  fo  the  Sum 
of  the  Logarithm  of  the  letter  Extreme  and  f  part,  lEall  be  the  Loga¬ 
rithm  of  the  letter  Mean;  the  Sum  of  this  Logarithm  of  the  letter 
Mean  and  the  fame  ~  parr,  fhali  be  the  Logarithm  of  the  Greater  Mean 

Proportional 

\  *' 

*  t .  -  *  ' 

So  the  Logarithm  of  8  being 

1  he  Logarithm  of  27 

\  . 

The  Difference  between  them 
1  he  third  parr  of  this  Difference 
Added  to  the  Logarithm  of  8  gives 
the  Logarithm  of  12  the  idler  Mean. 

The  fame  added  to  the  Logarithm  of  12,  gives 
the  Logarithm  of  1 8  the  Greata  Mean  Proportional. 


0.9030900 

4313637 


5282737 

1760912 

*.0791811 

1.2552725 


And 
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j"d  fo  forward.  ,|,t  fi|ft  Af  Mta»  Ptopot>ioo>U 

hi  continual  Proportion^  loas  cna  .  ,  .  .  j:j  erow 

,c8  /.  and  that  it  were  required  to  find  what  tins  100  /.  did  grow 

unco  by  the  end  of  the  firft  Month. 


The  Logarithm  of  the  firft  Pxtremc 
The  Logarithm  of  the  fecond 


100 

108 


is 


4.0000000 

4.0334237 


The  yearly  Difference  between  them  3  3*l  |  \ 

The  1  a. part  or  monthly  Difference 

Added  to  the  Logarithm  of  ,ieo  gives  ».°o»7«5.i 

The  Logarithm  of  1 00.  434*301  *e  firft  of  the  eleven  Mean  Propor¬ 
tionals:  and  the  growth  required. 

Then  having  thefe  two,  loo  and  l©o.«434»3°*>  ftogetj,eut  with 
,0?  the  laft  of  twelve,  the  other  Intermediate  may  be  found  by  con- 

tinual  Proportion  as  before* 

ThU  T indication  of  my  ten  former  Propofitions  may  ffrve  for  the 
frugal  Ufe  of  the  Table  of  Logarithms.  Thofe  which  «qutre  more  may 
have  recoutfeto  that  Treadle  which  rs  mentioned  before  in  the  Front  of 

the  Table. 
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CHAP*  II. 

Concerning  the  Vfe  of  the  Lines  of  Sines  and  Tangents  in  the 
refolving  of  Spherical  Triangles . 

Concerning  the  Ufe  of  the  Lines  of  Sines  and  Tangents  I  have 
(hewed  in  general,  in  the  feventh  and  eighth  Chapters  of  the 
firft  Book  of  the  h°w  they  might  ferve  for  the  Re~ 

folation  of  all  Spherical  Triangles.  More  particularly  in  the  Ufe  of  my 

Setter,  Chap.  5.  I  reduced  that  which  is  commonly  required  in  a  Sphe¬ 
rical  Triangle  into  28  Cafes.  And  for  thefe  they  maybe  all  refolved  by 
my  Tables  of  Artificial  Sines  and  Tangents  without  the  help  of  Secants  or 
verfed  Sines. 

This  manner  of  the  work  will  be  always  fuchas  in  the  ordinary  Rule 
of  Three,  For,  here  w,c  have  three  Numbers  given,  whereby  to  find  a 
fourth  Proportional.  And  therefore  either  we  may  add  the  Logarithms 
of  thefecond  and  third,  andfubtra<ft  the  Logarithm  of  the  firft: 

\  Or  we  may  take  the  Difference  between  the  Logarithms  of  the  firft 
and  fecond,  and  apply  that  Difference  to  the  Logarithm  of  the  third. 

The  firft  of  thefe  ways  is  beft  for  the  resolution  of  right  angled  Tri¬ 
angles  where  the  Radius,  viz,.  10.000000  is  one  of  the  three  Num¬ 
bers  given,  but  the  fecond  way  by  Differences  is  more  convenient  for 
the  reft. 

The  like  manner  of  work  may  be  obferved  when  we  are  to  confider 
the  Sines  or  Tangents  of  Degrees,  Minutes  and  Seconds.  For  the  Seconds, 
not  exprefted  in  the  Canon,  will  be  found  by  the  Part  Proportional :  as  I 
will  fhewin  the£xamples  following. 

1.  If  it  were  required  to  find  the  Sine  of  51  or.  Zimin,  itfec  I 
fhouldfind, 

The  S  ne  of  5: 1  deg.  $2  m.  is  9*8937452 

The  Sine  of  5*  deg.  33  m.  9*8938455 

The  Tabular  Difference  between  them  1005 

Then  the  Difference  between  32  m,  and  33  m.  being  60  Seconds,  the  Pro¬ 
portion  will  hold, 

%As 


i8$ 
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’ASS ,  ■  <* ,  •  -• .  5  f- 


2.  If  it  were  required  to  find  the  Degrees,  Minutes  and  Seconds  be- 

longing  to  this  Tangent  ,  ,  0  “ 

I  ftfould  find  by  the  Canon  that  this  is  fomewhat  more  then  the  Tan- 

Xinouiuuiiu  y  10.0999124 

gent  of  51  l*  ™i»-  10.1001728 

Lefs  than  the  Tangent  of  52  deg.  $1  ****• 


0  The  tabular  Difference  between  thefe  is  2  $94 

And  the  proper  Difference  is  .  u  ^ 

between  dJ  Met  of  thefe  Tangents,  and  the  Tangent  given  :  there- 

y  As  2*04  unt°  ^econ^s*  .  .  T  r  . 

.  t  6*1  m*  *5  And  fo>  1  ftld 

this  to  be  the  Tangent  of  $  t  itg.  ^zmin.  *5  fte‘ 


,  if  it  were  required  to  find  the  Sine  belonging  to  this  Tangent 
10  0990782,  I  fhould  find  the  Ark  to  be  fomewhat  more  than  5 1  gr 
and  the  Sine  correfpsndent  fomewhat  more  than  9.893745 

hen  taking  out  the  Differences  as  before,  I  find,  that 

As  the  tabular  Difference  of  T angent  a  $94 

Is  to  the  proper  Difference 


3.413970° 

2.8H975O 


602395^ 


So  the  tabular  Diff  f  ence  of  Sines  1003 

To  the  Part  proportional  25  * 

rhis  Part  proportional  added  unto  the  former  Sine 
,ives  98937703  for  the  Sine  required. 


3.0013009 

2.3989059 

9.8937451 


Thefe  Premiffesconfidered,  I  come  to  the  a-8  Cafes  before- mentiemd, 
/herein  I  fet  down  a  Canon  and  an  txample  for  each  Cafe,  and 

or  the  mod  part  the  fame  which  I  ufed  before.  ,  M,  ...  _.,v 

Thofe  which  have  no  further  ufe  but  of  Degrees  and  Minutes,  may 
ake  that  Sine  or  Tangent  which  they  find  to  be  next  m  the  -anon,  n 
tegleft  the  Seconds.  ja 


.  . 


^  . 
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In  a  RECTANGLE  TRIANGLE. 


♦ 

I.  To  find  a  Side  by  knowing  the  Bafe  and  the  Angle  oppofite 

to  the  enquired  Side , 


As  in  the  Re61angle  Triangle  AC  B, 
wherein  A  (lands  for  the  Equinoctial  point ; 

A  B,  an  Ark  of  the  Ecliptick  representing 
the  Longitude  of  the  Sun  in  the  beginninf 
of  15,  B  C  an  Ark  of  the  Declination  og 
the  Sun  from  the  Equator  ,  and  A  C  an 
Ark  of  the  Equator  reprefenring  the  Right  / 
Afcenfion  of  the  Sun  in  B :  Knowing  the 
Bafe  A  B  to  be  30  gr.  and  the  Angle 


/ 


BC. 

As  the  Radius ,  the  Sine  of 


Is  to  the  Sine  of  the  Bafe 


d. 

m. 

fee . 

90 

00 

00 

30 

00 

00 

23 

31 

30 

ri 

3° 

4? 

lO.OOOGOOO 


9.69  89700 
9. 6011352 


19.3001052 


To  the  Sine  of  the  Side  required  1 1 
And  fo  writing  the  Sine  9,6001032  in  a  Paper  by  itfelf  and  hold¬ 
ing  to  the  Sine  of  the  Bafe  in  the  Canon  T  gr .  2.  3.  4,  5.  and  fo  for- 


ward}  it  would  be  no  long  work  to  write  the  Sum  in  a  Column  by  ic- 
felf,  and  fo  find  the  Decimation  for  each  Degree  and  Minute  of  the 

Eciiptick. 

2,  To  find  a  Side  by  knowing  the  Bafe  ^and  the  other  Side . 


43  pc.  to  find  the  Side  A  C, 
As  the  Co  fine  of  the  Side  given 


Is  to  the  Radius 
So  the  C°fineof  the  Bafe 


A  B  3 

Ogr. 

and  B  C 

II  gr.  30  m. 

11 

3© 

43 

9-9911740 

-  90 

OO 

00 

IO.OOOCOOO 

30 

OO 

00 

9-93753°$ 

*7 

43 

9-94$35$$ 

3*  To 

t 
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J.  To  find  4  Side  by  knowing  the  trot  Obliqm  Angles. 


185 


As  in  the  Reflangle  A  C  B  having  CAB  for  the  firft  Angle  a  Jin 
31  min.  30 fee.  and  A  B  C  for  the  fecond  69 gr.  20  m,  ft  fee.  to  find 

She  oftke  next  Angle  *3  3»  3°  9-6oU3^ 


U  H  the  Radius  vi^°  00  00 

St  the  °f  the  oppofit*  Angle  69  20  35 


IO.COOGOGO 

9.5474918 


To  the  Cofine  of  the  Side  required  *7  55  43  9*9\63%66 

4,  To  find  the  Bafe  by  knowing  both  the  Sides. 

As  in  the  Reflangle  AC  B,  having  AC  *7^-  53  «*43  fit-  and 
C,  ii gr.  30m.  43  fee.  tofind  th* 

As  the  Radi"* 


To  the  Coftne  of  the  one  Side 
So  the  Coftne  of  the  ether  Side 


To  the  Coftne  of  the  Safe 


90 

00 

00 

10.0000000 

27 

53 

43 

9  946356*0 

II 

3© 

43 

9  991 1640 

30 

00 

00* 

9  9375306 

y.  To  find  the  Bafe  by  knowing  one  Side  and  the  Angle 

offofite  to  that  Side. 


As  if  in  the  former  Triangle  A  C  B  we  draw  B  D  and  Ark  of  the 
Won  for  the  Latitude  of  y  1  gr.  30  min.  reputing  the  Amplitude  of 
he  Suns  Rifmg  from  the  EaO,  we  lhall  have  two  Triangles  more,  one 
? eflanale  BCD,  the  other  Obliquadrangled  A  B  D,  and  fo  in  the 
Wangle  DC  B,  having  B  Ci  tgr.  afld  BDC  s8^' 

'  £ *  Ste  .f  A  W  i*  f*  “  »7W495 


To  the  Sine  of  the  Side 
So  u  the  R*dm 


To  the  Sine  of  the  Bafe 
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6.  To  find  an  Angle  by  knowing  the  ether  Oblique  Angle,  and  the 

Side  oppofite  to  the  Angle  required, 

s'  m 

As  in  theRe&angle  AO  having  B  A  C  23 gr,  31  min,  20  fee, 
and  AC  27  gr,  $$  min,  43  fee,  to  find  the  Angle  ABC. 

As  the  Radius  90  00  co 

To  the  Sine  of  the  Angle  given  33  31  30 

So  the  C  oft he  of  the  Side  *  27  55  43 

To  the  Cofine  of  the  Angle  required  69  20  35 


10  0000*000 
* 

9.6011332 

9.9463566 


1 9*547 49J  $ 


J,  To  find  an  Angle  by  knowing  the  other  Oblique  Angle ,  and  the 
Side  oppofite  to  the  tAngle  given. 

As  in  the  Re&angle  A  C  B,  having  B  A  C  23  gr.  31  min.  30  fee 
andBC  II  deg,  30  min,  43 fee ,  to  find  the  Angle  ABC. 

As  the  Cofine  of  the  Side  11  30  4^  9.991 174 


2?  3l  30  9.96231$ 

90  00  00  *  10.00000c 


To  the  Cofine  of  the  Angle  given 
So  u  the  Radius 

—  m***mmm 

To  the  Sine  of  the  Angle  required  69  20  35  p.pj  j  j  ^  ] 

S.  To  find  an  Angle  by  knowing  the  Bafe>  and  the  Side 
oppofite  to  the  Angle  required , 

As  in  the  Retfangle  B  C  D,  having  B  D  lS^/41  m.  $$ fec%  ar 
BC  Hgr.  30  min,  43  fee,  to  find  the  Angle  B  DC. 

tAs  the  Sine  of  the  Rape  18  41.  $6  9  $05000 


Is  to  the  Radius 
So  the  Sine  of  the  oppofite  Side 


90  00  OO  IO.OOOOCi 

11  3°  45  9  $ooio 


Jothe  Sine  of, he  Angle  38  30  00  9.79314 

Sheie  eight  Proportions  have  been  wrought  by  Sines  alone;  the  eu 

following  require  joync  help  of  Tangents.  ’  ' 
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a.  To  find  a  Side,  ly  knowing  the  other  Side,  and  tbs 
'  Angle  offofite  to  the  Side  required. 

As  in  the  Reflangle  A  C  B,  having ;  AC  vjjr.  5 iJmh.  4  if"-  «™» 
BAG  ^lgr*  limin'  3® feCi  10  “n(*  t“c^e  " 

9©  oo  OO  10,0000000 


As  the  Radius 


To  the  Sine  of  the  Side  given  27  S3  4?  f-fJoiM* 

So  the  Tangent  vf  the  offofite  Angle  23  3  !  5°  9658  99 


TotheTangentofthe  Side  required  li  3°  43  19,5089  3  a 


J*  . 

10.  To  find  a  Side  ly  knowing  the  other  Side,  and  the  Angle 

next  the  Side  required . 


As  in  the  Re&angle  BCD,  having  BC  up.  3°  *«•  43^-^ 
BDC  38  £r.  IQ  min.  to  find  DC, 

38  30  00  9.900^05^ 


As  the  Tangent  of  the  Angle 


To  the  T angent  of  the  S ide given 
So  the  Radio* 


11  30  47  9. 3089?  1 1 

90  OO  OO  IO.OOOOOOQ 


14  50  it  9.4083259 


To  the  Sine  of  the  Side  required 

1 1.  To  find. a  Side  ly  knowing  the  Bafe  and  the  tAngle  next 
'  j  the  Side  required. 


As  in  the  Re&angle  A  C  B,  having  A  B  30  p.  00  min.  and  BAG 
aj gr.  3 1  m.  30  fee.  to  find  the  Side  A  C. 

»  ’  •  '  'cr 

As  the  Raditu 


90  00  00 


To  the  Cofine  of  the  Angle 
So  the  Tangent  .of  the  Bafe 

To  the  Tangent  of  the  Side  required  27  5  ]  4? 

Aaaa  z 


I 
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/ 

v  12.  To  find  the  Bafe  by  knowing  both  the  Oblique  ^Angles. 

As  in  the  Reaangle  A  C  B,  having  BAC  23  gr,  31  min.  30  fee. 
ABC  69  gr,  20  w,  35/er.  to  find  the  Bafe  A  B. 

1 

tAfjhe  Tangent  of  the  cne  Angle 

%  T 0  the  Cotangent  of  the  other 
So  the  Radius 

To  the  Cofine  of  the  Bafe 

*3'  To  find  the  Bafe  by  knowing  one  of  the  Sides  and  the 

zAngle  next  that  Side . 

_  * 

R  a‘ r“ ,'!1C Rcaang!e  AC®>  having  AC  »7r.  SJw/w>  4 jfec.tnd 

BAC  13  gr,  31  wtnt  30  fee .  to  find  the  Bafe  A  B. 


2  3 

32 

3° 

9*6388199 

69 

20 

3$ 

9-5763  505 

9° 

00 

00 

1 0.0000000 

3° 

00 

00 

9-93Tilo6 

As  the  Co  fine  of  the  Angle 

Is  to  the  Radius 
So  the  Tangent  of  the  Side 

To  the  Tangent  of  the  Bafe 


23  3l  3©  9*96*3  i$j 

»*«»'*  '  ■ - - 

9©  00  ©©  lo.oeooooo 

37  53  43  9-7237547 


n- 


30  00  ©o  9.9614 394 

f4»  To  fi**  *n  Angle  by  knowing  both  the  Sides . 


As  in  the  Reaangle  A  C  B,  having  AC  17  gr.  53  min 

11£r-  50  min.  43  fee.  to  find  the  Angle  ABC. 

* 

•  4?/k#  and 

es4i  the  Sint  of  the  next  Side 

11  30 

43 

9.3001*51 

Is  to  the  Radius  » 

<?o  CO 

27  53 

0  ^ 
0  Tt* 

10.0000000 

97237547 

So  the  Tangent  of  the  efpofite  Side 

To  the  Tangent  of  the  Angle 

• 

6 9  2© 

55 

10.4236495 

IJ.  Te 

and  'fables  of  Logarithms. 


i  H 


u  30  43  9.3089311 

90  00  00  IO.OQOOOOO 


JJ.  To  find  Alt  Angle  bykn^g  the  M*>  *ni  the  SU‘  *eXt 

the  t/lrgh  required. 

As  in  the  Rectangle  BCD,  having  ^  p  *  4l  m*  ^  f 
BC  II  gr.  30  m.  ^3  fee.  to  find  the  Angle  B  DC-  . 

As  the  Tangent  of  the  Safe  ^  41  5* 

To  the  Tangent  of  the  Side 

S-Q  is  the  Radius  _ _ 

To  the  Cofine  of  the  Angle  S3  0°  4*  9-7794M8 

l4.  To  find  an  Angle  by  knowing  the  Bafe  and  the  other  Oblique  Angle. 
As  in  the  Reftangle  A  C  B,  having  the  Bafe  A  B  3  ogr.  and  B  A  C 

5S:^c5.?*V<  3°  ~  00 

'  ...-.a,*.  90  00  00  10.0000000 

So  the  Cotangent  of  the  Angle  given  23  31  3°  10-3 60 1801 

To  the  Tanfent  of  the  Angle  required  69  20  35  IO;423^493 

Thefe  16  Caffs  are  all  that  can  fall  out  in  a  Reftangle  Triangle.  Thole 
which  follow  do  hold  in  any  Spherical  Triangle  whatloever. 

In  any  SPHERICAL  TRIANGLE  whatfoever. 

1 7  To  find  a  Side  oppofite  to  an  Angle  given ,  by  knotting  one  Side  and  two 
7 Angles,  the  one  oppofite  to  the  Side  given,  the  other  to  the  S,de  required. 

As  in  the  Triangle  ABD,  having  A  B  30  p.  BE >C  3  8 ^.30  m. 
and  B  A  D  23 gr.  31  w.  3 °  fie.  to  find  the  Side  B  D,  which  here 

prefenteth  the  Amplitude. 


At  the  Sine  of  the  next  Angle 
To  the  Sine  of  his  oppofite  Side 

So  the  Sine  of  the  off  eft  e  Angle 
To  the  Sine  of  the  Side  required 


38  30  co  9. 7  941 4 

30  co  00  9.6989  7oq 

951795 
1,1  ™  '  "  '  *" 

23  31  30  9.6OII352 

18  41  5<5  9-5°59^? 

Or 


* 


The  general  Vfe  of  the  Canon 

Or  changing  the  Site  of  the  two  middle  Terms. 
As  the  Sine  o  f  the  next  Angle 

To  the  Sine  of  the  oppofite  Angle 

So  the  Sine  of  the  Side  given 


38 

30 

00 

23 

32 

So 

30 

00 

00 

18 

4r 

0 

P*794t4P5 

9.601 1 35  % 

*93^4? 

9.6989700 

9.50*9557 


*  n  v.  ‘  2r  J  i  J  “  *  “f  ^  j  )  <tnu 

holding  it  to  the  Sine  of  the  Side  in  the  Canon  1  grt  .2,  3,4,5,  and  fo 
forward,  it  would  be  no  long  work  tofubcraft,  and  write  the  Remain¬ 
der  in  a  Column  by  itfelf,  and  fo  find  the  Amplitude  for  each  Degree 
and  Minute  of  the  Ecliptick. 

Or  inftead  of  fubtradding  this  Difference,  we  might  fir  ft  take  the  fame 
out  of  the  Radius,  and  then  add  die  Complement  as  I  fhewed  before,  in 
the  general  explication  of  the  Rule  of  Three. 

18.  To  find  an  Angle  oppofite  to  a  Side  given ,  by  knowing  one  A&gle  and  two 
Sidesy  the  one  oppofite  to  the  Angle  giveny  the  other  to  the  Angle  required. 


As  in  the  Triangle  Z  P  S  reprefentingthe 
Zenith,  Pole,  and  Sun :  where  Z  P  is  the 
Complement  of  the  Latitude,  P  S  the  Com¬ 
plement  of  the  Declination,  Z  S  the  Com¬ 
plement  of  the  Sans  Altitude ,  P  Z  S  the 
Azimatb,  Z  PS  the  hour  cf  the  day  from 
the  Meridian,  and  P  S  Z  the  Angle  of  the 
Suns  Pofition  in  regard  of  the  Pole  and  Ze  - 
nith  ;  having  P  Z  S,  1  30 gr.  3  min,  1  r  fee . 

PS  70  gr,  and  ZS  40  gr,  to  find  the  Angle  ZPS. 

As  the  Sine  of  the  next  Side 
Is  to  the  Sine  of  his  oppofite  Angle 

So  the  Sine  of  the  oppofite  Side 
To  the  Sine  of  the  Angle  required 

19.  To  find  an  Angle  by  knowing  the  three  Sides . 

As  in  the  Triangle  ZPS,  having  ZP  38  gr.  50  min.  PS  70 /r.  and 
Z  S  40  gr.  to  find  the  Angle  ZPS,  fubtending  the  Bale  Z  S. 

.  tA 


70 

00 

00 

9.9  7*9858 

130 

03 

11 

P- 88  39 r  S'? 

89O7O5 

40 

00 

00 

9  8080675 

3l 

34 

2  6 

9  7189970 

t 


538 

go 

J70 

oq. 

T48 

5° 

4»d  Tables.of  Logarithms.  l9 1 

As  tbt  ReHangle  cmteined  under  the  Sines  ef  the  Sides ,  is  to  the  Square 

the  mingle  conteined  under  the  Sines  ef  the  Half-Sum  of  the  three 
Sides  and  the  Difference  between  this  Half  Sum  and  the  Bafe , 

|  To  the  Square  if  the  Cofine  of  half  the  Angle  required. 

The  Bafe  fubtended  i$ 

The  two  Sides  including  die  Angle 
The  Sum  of  the  three  Sides 

The  Half-Sum  of  thefe  three  -  \\  !? 

The  Difference  between  this  and  the  Bale  *4  ’ 

Here  for  the  Square  of  Radius  we  take  20.0000000,  to  this  we  a 

£.9833805  theSineof  &gr.  15  wwand?.?  W579 theSlne  0  ^ 
ixmin.  whichmake  39-7  3  5*7  3  ^4*  AA  .  .j,.  theSineof 

Then  for  the  Re&angle  of  the  fndes,^we^add^9-794H-9  ^^.j^make 

take  0uc  °^9  7137384.  and  there  renuim  fot 

the  Logarithm  of  the  Square  19  91566031,  the  half  thereo  9-9^  3  ^ 
we  find  to  be  the  Cofine  of  1  qgr.  47  ”»»•  >  */«•  And  fo  the  whole 

AS/oXh  Numb^;  asXt  be  fubtrafled,  we  may  take  them  out 
of  the  Radius,  and  write  down  their  Complements,  and  then  add  the 
together  with  the  reft,  the  manner  of  the  work  m  ether  way  will  be  fueh  , 

as  follow  eth.  '  v 


• 

5v 

0  00  0 

00  m. 

30 

00 

___  9- 794T49S 
9.9729858 

✓ 

2058505 

27OI42 

I48 

74 

34 

50  * 

15 

if 

v 

19767135? 

9 983 1805 

9'7S°3179 

20.00000CC 

9.9833S05 

9'75P?57? 

« 

39-73  37?  84 
1^.96660  3 1 

P-S>S3  301  5 

£r.  w.  fee* ,  19.9606031 

15  47  13  9  9833015 

3  r  34  26  Ifl 

t 
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the  general  Vfe  of  the  Canon 

In  the  like  manner  we  may  find  the  Angle  P  Z  S  to  be  I  }Ogr.  3  m. 
IX  fee.  and  the  Angle  ZSP  30gr.  28  m.  II  fee. 

•  *  ' 

20,  To  find  a  Side  ly  knowing  the  three  Angles. 

** 

If  for  either  of  the  Angles  next  the  Side  required,  we  take  the  Com¬ 
plement  to  180 gr.  thefe  Angles  will  be  turned  into  Sides,  and  the  Sides 
into  Angles.  Then  may  the  work  be  the  fame  as  in  the  former  Propofition. 
#  ''  * 

As  in  the  Triangle  Z  P  S,  knowing  the  AngleZPS  to  be  31  gr.  34  m. 
16  fee.  PZS  igQfr.  3  m.  ll  fee.  and  ZSP  30 £r.  28  m.  rr  fee.  if 
it  were  required  to  find  the  Side  Z  S  oppofice  to  the  Angle  Z  P  S,  I 
would  take  130 gr.  3  m.  11  fee.  out  of  180 gr.  the  Remainder  will 
be  4 9  5<>  49. 

Then,  as  if  I  had  a  Triangle  of  three  known  Sides,  one  of  3 1  gr.  94  m, 
26  fee.  another  of  30 gr.  28  ».  1 1  fee.  and  the  third  of  49  gr.  $6  m. 
49  fee.  I  would  feek  the  Angle  oppofite  to  the  firft  of  thefe  Sides  by  the 
la  ft  Propofition. 

So  the  Angle  which  is  thus  found  would  be  the  Sidp  which  is  here  re¬ 
quired. 

Thus  here  the  Angle  oppofite  is  31  34  26 


The  Ieffer  of  the  next  Angles  30  28  11 

The  Complement  of  the  other  49  5 6  49 


9. 7030790 
9.8839153 


'The  Sum  of  thefe  three  in  59  26 

The  Half  Sum  55  59  43 

The  Diff.  from  the  opp*  Angle  15  25  17 

The  Sum  of  double  the  Radius  and 

The  Sines  of  Half  Sum  and  Difference  is 
Take  hence  the  Sines  of  the  next  Angles 

There  remains  for  the  Square 

The  half  whereof  is  -  v  9.9729858 

the  Cofine  of  20  gr.  co  m.  and  fo  the  Side  required,  40 gr.  oow. 

The  other  Sides  may  be  found  m  the  fame  fort ;  but  when  we  know 
enher  three  Sides  and  one  Angle,  or  three  Angles  and  one  Side,  the  reft 
may  be  found  more  readily  by  the  17  or  1 8  Propofition* 


/ 

9.9185490 

96164170 

20.0000000 

3?-5 $49660 

19  588994? 
l9-94197'7 


■x 


1*.  To 
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Arid  TMs  of  Logarithm  f.  1 9? 

ii«  To  find  &  Side  b  having' the  other  two  Sides  and  the 

jingle  comprehended. 

This  and  the  Proportion  following  are  belt  refolved  by  reducing 
the  oblique-angle  Triangles  given,  into  two  R^ngles. 


/ 


As  in  the  Triangle  Z  P  S,  having  Z  P  .jo  m.  P  S  •jogr.oom, 

and7PS  21  er.  24 m,  26  fee,  to  find  the  Stele  4^. 

In  that  we  have  Z  P  and  Z  P  S,  we  may  fuppofe  a  Perpend, cular 
Z  R  to  be  let  down  from  the  Angle  at  Z  upon  the  greater  Side  PS: 
So  if  Z  P  S  the  Angle  given  be  lefs  than  9°£r-  K  w'^  within  the 
Triangle  ;  if  more  than  9©  gr.  it  will  fall  without  the  Triangle,  upon 
the  Side  produced,  -and  divide  the  Triangle  given  into  two  Redangles 
Z  R  S  and  Z  R  P.  Wherein 

1.  We  may  find  the  quantity  of  this  Perpendicular  by  the  firft  Pro- 

pofition  of  Spherical  Triangles-  fecond  or  tenth,  or  ra- 

2,  We  may  find  the  Side  P  K  either  By  me  1  „;ve  the  Side 

ther  by  the  eleventh  Propofition  :  which  Side  P  g 

*t.  Having  ZR  »dRS,  -  mg  |  B‘fe  Z  S'  k>  *'  fc“"h 

Propofition,  as  I  Ihew  in  the  ufe  of  the  SeJtor. 

R,  '  here  for  variety  I  will  Ihew  how  the  fame  may  be  done  at  two 

05“,io«,  bo*  in  *«  ..d  »#.  <*.  a*  C“(“ 

knowing  the  quantity  of  the  Perpendicular. 


B  bbb 


The  general  vfe  tfthe  Cam» 


l  •  As  the  Radius  or  Sine  of  Z  R  P 

To  the  Cofine  of  the  Angle  Z  PR 
So  the  Tangent  of  the  Side  Z  P 


To  the  Tangent  of  the  Ari \  P  R 


2-.  As  the  Cofine  of 

PR 

To  the  Co  fine  of 

• 

ZP 

\  % 

So  the  Co  fine  of 

RS 

To  the  Cofine  of 

ZS 

90 

00 

00 

io.ooocooo 

34 

26 

9-930  41 3  J 

38 

30 

00 

9*9006052 

34 

°7 

30 

19.8310175 

03 

O7 

3o 

9*9  *7954* 

38 

3  0 

00 

9.8935443 

. _ H3$99 

?s 

5* 

30 

9-9086438 

40 

00 

00 

9.8842539 

21.  To  find  a  Side  by  knowing  the  other  two  Sides  and  one 
Angle  next  the  Side  required. 

_  % 

Asin  the  Triangle  Z  PS,  having  ZP,  38.gr.  JOw..and  ZS  40m 
oo m.  and  ZPS,  ji.gr.  34  m.  26  fee.  to  find  the  Side  PS. 

z.  Find  the  Ark  P  R  by  the  eleventh  Propofition  as  before. 

2.  As  the  Co  fine  of  PZ  58  30  00  9.8935445 

To  the  Cofine  of  PR  34  07  30  99179342 

24^899 

So  the  Cofine  of  ZS  .  40  00  00  9. 8  84  2*7a 

TotbcCofineof  SR  ]S  5*  jo  9.908643? 

23.  To  find  a  Side  by  knowing  one  Side  and  the  two  Angles 

next  the  fecend  Side .  6 


As  in  the  Triangle  ZPS,  having  ZP  38.gr.  30*.  ZPS  zi  gr. 
34m.  26  fee.  and  Z  S  P  30  gr.  28m.  II  fee.  tofindtheSide  PSf 


I .  Find  the  Ark  P  R  as  before. 


2.  ^4/  the  Tangent  of 

ZSP 

To  the  Tangent  of 

ZRS 

So  the  Sine  of 

PR 

To  the  Sine  of 

SR 

30 

28 

11 

31 

34 

2$ 

34 

°7 

3° 

35 

5^ 

30  . 

9*7696216 

9-788574$ 

_ 189510 

9.7489617 

9*7679127 

To 


\  -  _  '  . 
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44.  To  1 (W  a  Side  by  knowing  two  Angles  and  the  Side 

inckfed  by  them . 


As  in  the  Triangle  ZPS,  having  Z  P  38  gr.  J4W‘ 

, 6  fee.  and  P  Z  S  130 gr.  jw.  u  fee.  to  find  the  Side  Z  S. 


x.  As  the  Cofine  of 

PZ 

38 

3° 

00 

9-  89  3  *443 

Is  to  the  Radius 

So  the  Cotangent  of 

To  the  Tangent  of 

ZPS 

90 

31 

00 

34 

00 

26 

1 9.0000000 
IO.2II425  J 

PZR 

64 

18 

50 

10.3178810 

►  4  % 

a.  As  the  Cofine  of 

To  the  Cofine  of 

SZR 

PZR 

6S 

6  4 

44 

18 

22 

50 

9.6137*28 

9.6369311 

23208? 

So  the  Tangent  of 

To  the  Tangent  of 

PZ 

ZS 

3* 

40 

0  ^ 

0  0 

00 

00 

9,900605  2 

9.913813s 

F»d.htA,,g|.P|*bV'l«  r““f 

“‘A'Sf*  SZR  4  *4  ».  ”22M2 

.  r  7  1K  51  34  *6  9.93«>41JJ 

St  the  Cofwe  of  ZP  .  M  9  9354554 

To  the  Cofine  of  ^ 1  5 

*6.  To  find  an  Angle  by  knfng  the  other  two  Angles  and 
one  Side  next  the  Angle  required. 

As  in  the  Triangle  Z  P  S,  having  Z  P  38  gr.  30  w.  ZP  S  }tgr.  34  w* 
26  fee,  and  Z  S  P  30  gr.  28  "'"I**'™  find  the  A”B  £  Find 


' 

4  ■■••■•>  x 


1 96  TbegenenlVfe  of  the  Cmm 

I.  Find  the  Angle  P  Z  R  as  before. 


2.  As  the  Cofine 

To  the  C°fine  °f 

ZPS 

ZSP 

3* 

3° 

34 

28 

26 

1 1 

P9J°45»3 

9  95545*4 

l  '  ’■ 

the  Sine  of 

To  the  Sine  of 

PZR 

SZR 

64 

64 

\?  ♦ 

18 

44 

50 

2  1 

9,954812* 

9.9598453 

27.  To  find  an  Angle  by  fk  nowing  two  Sides  and  the 
Angles  contained  by  them. 


A  *  ,S  ‘ 

As  in  the  Triangle  Z  P  S,  having  Z  P  38 gr.  30  m.  P  S  70 or.  and 
2  PS  3 i  ff*-.  34  *».  z6pc.  to  find  the  Angle  ZSP. 

I.  Find  the  Ark  PR  as  before. 


3,  As  the  Sine  of 

To  the  Sine  of 

SR 

PR 

35 

34 

5* 

07 

O  O 

9.7679127 

9. 7489617 

" 

18951© 

So  the  Tangent  of 

To  the  Tangent  of 

ZPS 

ZSP 

3 1 

30 

ts>  ^ 

oc-f* 

26 

II 

9,7885746 

9.7696236 

28,  To  find  an  %/ingle  by  knowing  two  next  Sides ,  and 
srne  of  the  other  ^Angles. 


As  in  the  Triangle  Z  PS  having  Z  P  38^.  30  m.  Z  S  40  gr.  and 
Z  P  S  31  gr.  3 4  m.  26  fee,  to  find  the  Angle  P  Z  S. 


1.  Find  the  Angle  PZR  as  before. 

2.  As  theTangent  of  Z  S  40  oo  00 

To  the  Tangent  of  .  Z,  P  38  03  00  - 


9.9238135? 

9.9006052 


232083 


So  the  Co  fine  of 
To  the  Co  fine  of 


PZR  64  18  50 
SZR  65  44  21 


9*636931 1 
9.6137228 

Thefg 


r 


..  rj  ,r  _  . . _  ip? 

Thefe  28  Cafes  are  thofe  which  I  fet Triangle^ IwiH  here 

26, and  28.  Propofitions  may  fometnnes  be  found  more  eahly> 

20  To  find  a  Side,  by  knowing  the  other  tm  Sides ,  and 
their  off ofite  Angles. 

As  in  the  Triangle  Z  P  S,  having  P  S7°  gr‘  P  ^ffel  To 
11  fee.  together  with  Z  S  40  gr.  and  Z  PS  3  &  •  34 

find  the  third  Side  Z  P. 

As  the  Sine  of  half  the  Difference  of  the  Angles  given. 

To  the  Sine  of  half  the  Sum  of  thofe  Angles  . 

So  the  Tangent  of  half  the  Difference  of  the  Sides  given, 

To  the  Tangent  of  half  the  Side  required. 


20.  To  find  an  rdngle  by  knowing  the  other  tm  Angles 
and  Mr  off  ofite  Sides . 


3  • 


Asm  the  Triangle  Z  PS,  having  the  former  pares  P  S,  P  ZS,  Z -% 

and  Z  P  S,  to  find  the  third  Angle  Z  S  1 . 

•  A .  / — , .  *  •  v 

As  the  Sine  of  half  the  Difference  of  the  Sides  given. 

To  the  Sine  of  half  the  Sum  of  thofe  Sides . 
sfthe  Tangent  of  half  the  Difference  of  the  Angles  given y 

To  the  Cotangent  of  half  the  Angle  required.  - 


I 


CHAP. 


15/S  The  general  Vfe  cf  the  Canon 


CHAP.  III. 

Concerning  the  joynt  vfc  of  the  Lines  of  Numbers  l  Sines 
and  Tangents . 

Concerning  the  joynt  Ufe  of  the  Lines  of  Numbers,  Sines  and 
Tangents,  I  fhewed  how  they  might  ferve  for  the  Refolution 
®f  Right-lined  Triangles,  whereof  I  fet  down  five  Propofitions 
in  the  nineth  Chapter  of  the  firft  Book  of  the  Croft-faff,  And  thefe 
alfo  may  be  applied  to  the  Table  and  Canon  of  Logarithms. 

The  Sides  of  thefe  Triangles  are  meafured  by  abfolute  Numbers 
and  fo  reprefented  by  Logarithms.  1 

The  Angles  are  meafured  by  degrees  and  minutes,  and  fo  to  be  found 
by  Sines  and  Tangents  in  the  Canon. 

\  *  v  *  V 

PROP.  I. 

Having  three  tAngles  and  one  Side,  to  find  the  other  tm  Sides. 

IF  it  be  a  Re&angle  Triangle,  wherein  one  Side  about  the  right  Angle 
being  known,  it  were  required  only  to  find  the  other,  this  might  be 
readily  done  by  Sines  and  Tangents.  As  in  the  Rc&angle  A  I  B,  know¬ 
ing  the  Angle  B  A I  to  be  43  gr.  20  m,  and  the  Side  A I  to  be  244,  if 
it  were  required  to  find  the  other  Side  A  I. 

As  the  Radius  (the  Tangent  of)  OOm.  10.0000000 


Is  to  the  7* angent  of  the  Angle  43  30  9. ^749 19  5 

So  u  the  Side given  A I  244  ***  2.387389S 

To  the  Side  required  BI  230  12.3611093 

But  where  both  the  other  Sides  are  required,  it  is  beft  done  by  Loga¬ 
rithms  and  Sines.  As  in  the  fame  Redangle  A  I  B,  having  the  three 
Angles  and  the  Side  A  I,  to  find  both  B I  and  A  B. 


As 


Kfd  Tubbs  if 

As  ti*  Slut  of  the  oppofite  Angle  ABI 
Is  to  the  Side  given  A  1 


46  40 

244  000 


m 

9.8^1757$ 

*.3873898 


So  the  Sine  s>f  the  fteond  Angle  BAI  43 

_ .  *  •  /»  <-*•  1  R  T  1.50  * — 


7-4743676 

9. 8364770 

To  his  oppofite  Side  Bi  *3°  ™  *-36il°9? 

And  the  Sine  of  the  third  Angk  AIB  9°  °° 

To  his  oppofite  Side  AB  33  5  ^  2-S*1*3*3 

'  The  li  ke  holdeth  alfo  in  Oblique-angled  Triangles. 

As  in  the  Triangle  A  BD  (which  I  propped  formerly  as  ^example 
for  the  finding  the  Diftances)  where  knowing  the  Diftanee  bawcn  A 
and  D,  to  be  1 00  paces  5  the  Angle  B  A  C  to  be  43  gr.  20  m.  the  Angle 
JDAim,  or  the  outward  Angle  B  DC  *8  grs  and  confequently  the 
An«lc  A  B  D  oppofite  to  AD  the  Side  given,  to  be  *40^.  40  w, 
it  was  required  to  find  the  Diftances  A  B  and  D  B. 

ABD  M  £ 

Is  to  the  Stde  given  A  u  _ _ 

7.40345 


So  the  Sine  ofthefecond  Angle 
To  his  oppofite  Side 

And  the  Sine  Of  the  third  Angle 
T 0  his  oppofite  Side 


A  D  B 
AB 

DAB 

DB 


58 

334 

43 

271 


00 

212 


26 

<2JL* 


9 92842O4 
2  524965O 


9836477O 

2.4330216 


PRO  P.  II. 


ftming  tm  Sides  and  one  Angle  oppofite  to  either  of  thofe  Sides,  to  find  the, 
other  two  Angles  awl  the  third  Side . 

S  in  the  Triangle  ABD,  having  the  two  Sides  A  B  33  5  paces; 
X.  and  AD  100  paces,  and  knowing  the  Angle  A  D  B  which  is 
oppofite  to  the  Side  AB,  to  be  mgr.  or  the  outward  Angle  B  DC  to 
b^Pt8  er.  if  it  were  required  to  find  the  other  two  Angles  at  A  and  B, 
^d  the  third  Side  BD,  I  may  firft  find  an  Angle  AB  D  oppofite  to 

the  other  known  Sifde  A  I>/  ‘  A*  - 


/ 


aoo  The  general  Vfe  of the  Cmok 

As  the  oppoftte  Side  AB  33$  ---  1.5150448 

To  the  Sine  ojfr  he  Angle  given  ADB  '  58  00  9.9284204 

~  J  *  I  ■■■  >  M 

7'403m6 


So  i*  the  next  Side  .  .AD  iOO  £,-i  2.0000000 

To  the  Sine  of  his  oppoftte  Angle  ABD  14  J9I  9,  4°3375^ 


Then  knowing  thefe  two  Angles  at  D  and  B,  I  take  the  inward 
Angle  ABD  14 gr.  5 gm-  30 fee.  out  of  the  outward  Angle  BDC 
5  %gr.  00  w\  andfo  find  the  third  Angle  BAD,  t®be  45  gr.  20  r». 
10  fee.  So  having  three  Angles  and  tw©  Sides  I  may  well  find  the  third 
Side  B  D  by  the  former  proportion. 


As  the  Sine  of  the  fir  ft  Angle 

A  D  B 

00 

9.9284204 

Is  to  his  oppofite  Side  - 

AB 

33$ 

0.0.0, 

2.5250448 

• 

/ 

. 

7.403  j7j<J. 

So  the  Sine  of  the  Uft  Angle 

DAB 

• 

4? 

10  i 

9.S36J01S 

T 0  his  oppofite  Side  * 

DB 

271 

2.4331277 

P  R  OP. 

ffMi»g  m  Sides,  and  the  Angle  iehreen  them  j,  to  find  the  other  tm 
jingles  and  the  third  Side * 


IF  the  Angle  concerned  between  the  two  Sides  given  be  a  right  Angle, 
the  other  two  Angles  will  be  found  readily  by  Tangents  and  Loga¬ 
rithms.  As  in  the  Re&angle  A I B  having  the  Side  A I  244,  and  the 
Side  I B,  to  find  the  Angles  at  A  and  B. 

At  the  greater  Side ,  A I  244 


Is  to  the  lejfer  Side  I B 
S§  the  Radliu,  the  Tangent  of 


230 

qfgr.  00  We 


2.3617278 

10.0000000 


To  the  Tangent  of  the  lejfer  single  4?.  ,8  >  u9'974c-i 

:  Bat  if  it  be  an  oblique  Angle  that  is  conteined  bet  ween  the  two  Sides 
given,  the  Triangle  may  be  reduced  into  two  Re  Wangle  Triangles,  and 

then  refolved  as  before.  „  .  1  . 

As  in  the  Triangle  A  D  B,  having  the  Sides  A  B  ?]5>  ACioo,and 
the  Angle  B  A  D  43  20',  to  find  the  Angles  at  B  and  O,  and  thethird 
Side  B  D.  Firft,  I  would  fuppole  a  Perpendicular  D  H  to  be  let  down 
from  P,  the  end  of  the  leffer  Side,  upon  the  greater  Side  A  B  :  fo  (hall 
I  have  two  Reaangled  Triangles  DH  A  and  D  HB.  And  m  the  Re- 
aangle  A  H  D,  the  Angle  at  A  being  43  20 »  other  Angle  ADH 
will  be  46  40'  by  Complement,  and  with  thefe  Angles  and  the  Side 
AD,  I  may  find  both  AH  and  DH  by  the  firft  Proportion.  Then  ta¬ 
king  AH  ouc  of  A  B,  there  remains  H  B  for  the  Side  of  the  Retftangle 
D  H  B  and  therefore  with  this  Side  H  B  and  the  other  D  H  ,  I  may 
find  the  Angle  at  B,  by  the  former  part  of  this  Proportion.  And  with 
this  Angle  and  the  Perpendicular  D  H,  I  may  .find  the  third-Side  DB» 

by  the  firft  Propofition.  ~  c  .  , 

Or  having  two  Sides  and  the  Angle  between- them,  we  may  find  the 

•other  two  Angles  without  letting  down  any  Perpendicular ,  m  this 


manner.  ... 

As  the  Sum  of  the  two  S ides  gtveny 
Is  to  the  Difference  of  thefe  Sides i 
'  So  the  Tangent  of  half  the  Sum  of  the  tm  cppoftte  Angles,  % 

to  the  Tangent  of  half  of  the  Difference  between  thofe  Angles . 

C  c  c  c 


%  Q  z  The  general  Vfe  of  the  Canon 


^44  Jr 

'  335 


So  here  having  the  Side  A  B 

and  the  other  Side  A  D 

The  Sum  of  thefe  Sides  is 


ICO 


2.6384892 

2.3719678 

■in  ■  atmmi  ■  _  9 


43$ 

221 

43 


and  the  difference  of  thefe  Sides 


The  Angle  concerned  B  A  D  is 


The  Sum  of  the  two  oppofite  Angles  136  40 

The  Half  Sum  of  thefe  Angles  .  68  20  1 

And  by  Proportion  and  half  difference  53  40  ^  i< 

This  half  Sum  and  half  Difference  make  ia  2©  f  the  gt 
anc  the  Difference  between  them  14  19  ~  the  lefler  Angle, 


PROP.  IV. 


Having  three  Sides ,  to  find  the  three  Angles* 

Et  one  or  the  three  Sides  given  be  the  Bafe  (but  rather  the  greater  Side) 
that  the  Perpendicular  may  fall  within  the  Triangle.  Then  gather 

l  c“e  Dl^rcnce  the  two  Sidcs,and  the  Proportion  will  hold. 
As  the  Bafe  of  the  Triangle, 

To  the  Sum  of  the  Sides  : 

So  the  Difference  of  the  Sides , 

To  the  alternate  B*ft* 


This 


*»d  Tables  »f  Ltgmtbms':  20J 

This  alternate  Bafe  being,  taken  forth  of  the  true  Bafe,  if  we  let  down 
a  Perpendicular  from  theoppofite  Angle  it  (hall  fall  upon  the  middle  of 
the  Remainder.  Asm  the  Triangle  A  D  b. 


The  leffer  Side  AD 

The  other  Side  B  Di 

The  Bafe  of  the  Triangle  A  B 

Th'c  Sum  of  the  Sides 


2.5250448 

445291 


2.2529961 

2.2773252 


11 L 

145 

72  8 12*  Andfueh  is  the  Seg- 


The  Difference  between  chefe  Sides 
And  fo  the  alternate  Bafe  is 
This  taken  out  of  3  3  5  Ieaves 

The  half  whereof  is  *  -  ,  . 

ment  A  H,  the  Diftance  between  the  Angle  at  A,  and  the  Perpendicular 

D  H.  So  that  having  drawn  this  Perpendicular,  we  have  two  Redlaiig  e 

Trianeles  D  H  A  and  D  H  B,  in  which  having  two  Sides,  and  the  right 

Angle,  we  may  find  the  other  Angles  by  the  fecond  Proportion.  _ 


Thefe  four  Propofitions  may  fuffice  for  the  Refolution  of  the  Sides  and 
Angles  in  all  right-lined  Triangles. 


PROP.  v. 


Having  the  Bafe  and  Perpendicular  in  a  right-lined  Triangle ,  to  find  the 
fnftrficial  Content* 


r 


T He  Perpendicular  may  be  found  by  one  or  other  of  the  former  Propo¬ 
fitions,  and  that  being  known  we  may  find  thefuperfiaal  Content. 
As  in  the  Triangle  AD  B,  having  the  Bafe  AB  33S>  and  the  P«pen- 

dicular  O  H  ^#54$.  ~  0.5010700 

At  the  Number  of  2  2  1 

To  the  Perpendicular  <58. 545  -577 


1  _ 


So  the  "Safe 
To  the  Content 


m 

11481  i-x 


M 349457 
2.5250448 

4.0599905 


Or  if  we  would  find  the  Content  without  knowing  the  Perpendicular, 
we  may  put  two  or  more  Operations  into  one,  as  in  the  Proportion  fol- 

lowing\  Cccc  z  PROP. 


f  t 


\ 


I 


■  •lit 


■  H 


Z04 


The  general  Vfe  of  the  Canon 

PROP.  VI. 


Having  two  Sides  of  a  right- lined  Triangle,  and  the  Angle  betmen 
v  thcm^  to  find  the  Content, 

A  Dd  the  Sine  of  the  Angle,  and  the  Logarithms  of  both  the  Sides 

cc”ttr,0'!0,0!00’ fc,h'  R“d« 
Jfc&TS’S  ,heSUfa  AB m  ad .»», 

TheS.OT  of  the  Angle  4j£.  sb».-b 

The  Logarithm  of  the  Side  A  B  33  j 

The  Logarithm  of  the  Side  AD  100 

The  Sum  of  thefe  make 
From  which  fubtraft  the  folemn  Logarithm 
The  Remainder  will  be 

The  Logarithm  of  1 1494  the  Content  required. 

PROP.  VII. 

HaVlngttcltfn*gl'h  "nd0n‘  Siie  *  * Triangle ,  to  find 

A  ^/rhe  doubIe  °f  the  Logarithm  of  the  Side  given,  and  the  Sines  5 
^?G  O?oo°anHfhng  v:  fr°m, the  Su™  °f  thefe  fubtraft  the  Sum  of 

An8-"’ fo  *■  R'“,n‘i“ 

As  tn  the  Triangle  A  D  B  fuppofing  the  Angles  B  A  C  to  be  XAtr.  iom~ 

The  L’r  ^‘^MoLand thfs.de  A  Dto  th  1£pa£ 

Ihe  Logarithm  of  the  Side  A  C  i©0  is  -  *.  f 


9.  8  364770 
2.5*50448 
2.0000000 

14*3615*18 

10.3010300 

4,0604918 


58 


20  m. 
00 


The  Logarithm  of  the  Side  A*C 
The  fame  again 
The  Sine  of  the  Angle  BAG 
The  Sine  of  the  Angle  B  D  A 

The  Sum  of  thefe  four  make 

Againj  if  we  add  the  folemn  Logarithm 
To  the  Sine  of  the  oppo/ice  Angle  14  gr,  40  m. 

The  Sum  of  both  will  make 

Which  £ubtra&ed  frem  2 3.7648974  leave 

The  Logarithm  of.  1 149a. the  Content  required. 


2.000000c 
2.000000C 
9.8J6477C 
9  92 8420^ 
23.7648974 
10.301030c 
9-4934$ $4 
19.7044854 
4,0604120 


' 


mi  TaUtt  »f  Logtrkbms.  *©  5 

PROP.  VIII. 

/  /  ‘ 

|  ,  #  .  f' 

’Having  the  three  Side,  of*  right-lined  Triangle,  to  find  the  Content* 


AB 

DB 

AO 


335 

271 

100 
70  6 

35^ 

18 

82 

*53 


FIrft  fet  down  the  three  Sides,  the  Sam  of  them,  and  the  Half- Sum. 
Then  from  this  Half-Sum  fubtraft  each  Side  feveraUy  and  note  the 

difference'  That  done,  add  the  Logarithms  of  the  Half -Sum,  and  thefe 

SfeenS  the  half  thereof  (hall  be  the  Logarithm  of  the  Content. 

Thus  in  the  Triangle  (  A  B 
A  D  B ,  the  three  ^  D  B 

Sides  are  ^  ^ 

The  Sum  of  thefe  Sides  is 

The  HalF-Sum 
The  Difference  from 
The  Difference  from 
The  Difference  from 

<  The  Sum  of  their  Logarithms 
An4fLog«ithme°offSi  1481  the  Content  required. 

'•  i.  '  *■  \  v 

P  R  O  P.  IX. 

’  ,  .  _  .  „■  .  ,  .  -  a  *v  ...  •  '  1  ' 

Having  the  three  Sides  of  a  right-lined  Triangle,  to  find  the  Perpendicular* 

thermfy  the  Perpendicular  be  found  by  the  converfe  of  the  fifth  1  ropo- 

f  cion  ***  a  *  ft 

m At' the  Safe  of  the  Triangle  J  5  £ 

Tq  the  Superficial  C  wtent 

■ 


3-1477747 

1.2552725 

1.9138138 
2  4031205 

8.1199815 

4.05999^7 


2.52  50448 
4.0599907 

hr  — * - - 

I. S  349459 


So  altrayt  the  Humber  of 
To  the  Perpendicular 


I.8359759 


PROP.1 


2  ©6  Tbegt»er*l  Vfie  tfthe  Cstm 

PROP.  X. 


AS  if  in  protra£ling  the  former  Triangle  A  DB,  it  were  required  to 
find  the  length  of  a  Chord  of  4  3  gr.  20  m.  agreeing  to  the  Semi¬ 
diameter  A  E,  which  we  fuppofe  to  be  three  inches.  This  might  be  done 
by  the  firft  Proportion,  for  if  the  Chord  were  drawn  from  E  to  F  we 


fhould  have  a  Triangle  E  A  F  of  three  Angles  and  two  Sides  known.  But, 

Cl  •  I  *  ■  r*  c  o  c  «  »  .  .  #  ^ 


more  generally  comparing  the  Sine  of  30 gr,  with  the  Sine  of  half  die 
Ark  propofed,  the  Proportion  will  hold. 


Aythe  Sine  of  the  Semi-radifu  9.69 Spjoe 


9‘&9  8^7©© 


9 2218488 


%  I  gr.  40  m.  9*567  26 89 

•2  111  4542a 


ij  ’ 

I 


To  the  Chord  required  *s  111  0.347^201 


So  that  having  drawn  the  Line  A  E,  and  dcicribed  m  occult  Ark  of  a 


Circle  upon  the  Center  A,  and  Semidiameter  A  E,  at  the  Diftance  of 
three  inches,  if  we  take  out  two  inches,  and  21 1  parts  of  xeoo,  and  in- 
icribe  them  into  that  Ark  from  E  to  F,  the  line  A  F  ihall  make  the  Angle 
F  A  E  to  be  43gr,  20  as  was  required. 

‘  -  V  *  ’•  '  .  i  ,  ;  t  v 

Thus  having  applied  that  to  the  Canon  and  Tables  of  Logarithms 
which  I  had  fet  down  before  for  the  general  Ufe  of  the  Lines  of  Numbers, 
Sines  and  Tangents,  it  may  appear  fufficiently,  that,  if  we  obferve  the 
Rules  of  Proportion  fet  forth  by  others,  and  work  by  thefe  Tables,  we 
may  ufe  Addition  inftcad  of  their  Multiplication,  and  Subtra&ion  in- 
ftead  of  their  Divifion,  and  fo  apply  thefe  general  Rules  to  infinite  par¬ 
ticulars,. 


CHAP. 


tied  T *ytes  of 


CHAP.  IV. 


Conteining  feme  Vfi  of  right-lined,  TriiHgles  in  the-  make 
of  Fortification. 

IN  the  late  manner  of  Fortification  the  ordinary  Care  is : 

t.  That  the  Angle  of  the  Bulwark  may  be  either  a  right  Angle  or 

2. "'t hat-1  this  Angle  may  be  defended  from  the  Flank  and  Cortin  on 

eitj"  That  the  Lines  of  Defence  may  not  exceed  the  reach  of  a  Musket, 
which  is  faid  to  be  twelve  fcore  Yards,  and  thofemake  720  foot. 

4  That  the  depth  of  the  Flanks  and  the  bredth  of  the  Rampart  be  fuf- 
firient  m  refift  battery  ;  and  that  may  be  about  ioo  foot  at  the  ground. 

thefe  conliderations  depend  Jhe  reft  of  Lines  and  Angles :  where¬ 
of  1  will  let  down  feme  Propofitions,  beginning  with  that  which  may 
tefolve  the  works  of  others. 

PROP-  I. 

Having  the  Side  of  a  Regular  Fort,  with  the  length  of  the  Qorge,  the  Flmg. 
the  Face  of  the  Bstlmrk,  tofni  the  reft  of  the  Lines  mi  Angles. 

A  Regular  Fort  is  that,  which  is  made  with  equal  Sides  and  Angles, 

each  Bulwark  like  unto  other.  .  .  , 

Suppofe.thac  by  oblervation  or  otherwhere  have  found  that  in  afquare 
Fort  thcS.de  was 7 Co  foot,  the  Go.ge  140,  *e  Flank  100  and  the  Face 
535  :In  a  Pentagonal,  Hexagonal,  Heptagonal,  as  m  this  Table. 


The  Side 
The  Qorge 
The  Flanks 
The  Face 


Quadr, 

Pentug . 

He*ag  | 

Heprag.  Ottago* 

AB 

7OO 

800 

9OO 

95O 

IOOO 

AD 

140 

180 

19O 

200 

230 

DE 

100 

120 

14O 

150 

158 

E  F  i 

335 

352 

370 

4-2-0  ' 

And  that  it  were  required  to  find  the  reft  of  the  Lines  and  the  quan. 
city  ofthe  Angles  belonging  to  each  Fort,  beginning  withe, >e  Quadrat^ 


I 


20$  The  gemot  Vfe  of  the  Cornu 


Firft,  we  may  protra<ft  this  Fort,  by  making  a  Square  whofe  Side  A  B 
fhallbe  7©o  foot  by  the  Scale  :  then  take  but  14®  t*ie  Gorge,  and  let 
them  off  from  A  unto  D,  and  from  A  unto  H  ;  at  D  and  H  raife  two 
Flanks  perpendicular  to  the  Sides  of  the  Fort,  and  there  prick  down  100 
from  D  untoE,  and  from  H  unto  G.  That  done,  take  3  35  out  of  the 
fame  Scale,  and  fetting  one  foot  of  the  Compaffes  in  the  point  E,  make  an 
occult  Ark  of  a  Circle.  Again,  fetting  one  foot  of  the  Compaffes  in  the 
point  G,  make  another  occult  Ark,  eroding  the  former  in  the  point  F  ; 
So  the  Lines  E  F ,  F  G  fhall  reprefent  the  Face  of  the  Bulwark. 

In  like  manner  for  the  Bulwark  at  B ,  we  may  fet  off  the  Gorge  from 
B  unto  N,  &e.  So  have  we  divers  Triangles,  which  may  be  refolved  by 
the  firft  three  Propofitions of  right-lined  Triangles :  and  the  manner  of 
it  fhall  be  fo  fet  down,-  as  that  Precept  may  be  eafily  diftinguilhed  from 
the  Example,  and  applied  to  any  other,  not  only  by  this  Canon  and 
Table  of  Logarithms,  but  by  the  old  Canon  of  Sines  and  Tangents,  and 
by  the  Lines  of  Sines  and  Tangents  both  uboh  the  Sebtor  and  the 
Crof^ftafF.  ‘  _  j 

1.  In  the  Re&angle  ADS,  having  the  Sides  AD,  A  E,  wb  may 
find  the  Angles  at  A  and  E,  and  the  third  Side  A  E,  by  the  former  part 
of  the  third  Proportion  of  Right-lined  Triangles. 

As 


As  the  Gorge 

To  the  Flan^ 
So  the  Radius 


"and  Tables  of  Logarithms. 

AD  14° 


DE 


ICO 

90  oo«*.  O ofec. 


109 
2.1461  280 

h  m  ■■■  ■»  —  -  — 

2.COOOOOO 

10.0000000 


To  the  Tangent  of  DAE  35  3»  4,  ...  .9*  5^7 20 

Take  the  Angle  DAE  out  of  90  gr.  the  Complement  will  giveche  Angle 
DE  A  5  and  then, having  two  Sides  and  three  Angles, we  may  well  find  the 
third  Side  A  E  by  the  firft  Proportion  of  the  right-lined  Triangles, 


As  the  Sine  of 

To  the  Side 
So  the  Sine  of 

To  the  Side 


DAE  3*  32  i 
D  E  100 

A  D  E  90  oo«.  00 fee. 
AE  172  ~A1 


9*7  64354* 
2.0000000 
IO.OOOQOCO 

2.*  35<54S8 


i.  Becaufe  the  Fort  is  fuppofed  to  be  fure,  the  Angle  H  AD,  raull  be 
oOfr.  and  the  half  Angle  CAD  45.gr-  if  weadd  this  Angle  C  A  D  unto 
the  Angle  DAE  and  take  the  Sum  out  of  i8o.gr.  the  Remainder  99,17  4 
ihall  be  the  Angle  E  A  F.  Then  in  the  Triangle  E  A  F,  having  the  Angle 
at  A,  and  the  two  Sides  F  E,  A  E,  we  may  find  the  other  Angles  at  E  and 
F  bv  the  third  Propofition  of  right-lined  Triangles, 

A,  the  Face  EF  335  2.5250448 

To  the  Sine  of  E  A  F  99  *7  i  9-994°  5°2 

7.469OO54 

So  the  Line  AE  17*  ^2.  '  9 

To  the  Sine  of  AFE  3°  26,  9-7°4<55I3 

Add  this  Angle  A  F  E  to  the  Angle  E  A  F,  and  take  (he  Sum.out  of 

180  gr.  the  Remainder  jo*r.  <5  ».  3  fee.  ihall  be  the  Angle  A  E  F.  And 
then  we  have  two  Sides  and  three  Angles,  to  find  the  Head-1  ne  A  F. 


As  the  Sine  of 
To  the  Face 


So  the  Sine  of 
To  the  Head-  line 


E  AF 
EF 

A  EF 
AF 


99  27  i 
335 


50  6  t\ 
260  ii 


9  9640502 
3.5250448 

7-4690054 

9.8848958 

2.4158904 


3. If  we  produce  the  Face  F  E  until  it  meet  the  Cortin  in  0,wc  ihall  have 
the  Triangle  A  EO:  wherein, knowing  the  Side  A  F,and  the  three  Angles 
(for  knowing  two  Angles,  the  third  is  always  known  by  the  Complement 

unto  180  fr.)  we  may  find  the  other  two  Sides  F  O,  AO. 

6  Dddd  As 


zoo 


As  the  Sine  of 
To  the  He  ad- line 


The  general  Vfe  of  the  Canon 

48  fee , 


So  the  Sine  of 
To  the  Line 

And  the  Sine  of 
To  the  Line 


A  OF 
AF 

F  AO 
FO 

AF  O 
A  O 


14  ?  3  m, 

260  11 


9.4004548 
2.41 58904 

6.9845644 

45  00  co  9.8494850 

73  9*8649206 

5°  26  12  97046513 

T  u  t  ~  XT  ~  S24  2.7200869 

lake  the  Gorge  N  B  140,  out  of  the  Side  A  B  700,  there  remains  560 

;,ri«fneA^\  Take  *is  Line  A  O  our  of  AN,  and  there  remains 
3)  *or fJ  N  that  part  of  the  Cortin  from  whence  the  Face  of  the  Bul¬ 

wark  may  be  defended. 

4*  In  the  Triangle  A  F  N,  having  two  Sides  AF,AN,  and  the  An*Ie 
between  them  FAN,  we  may  find  the  other  two  Angles  at  F  and  N 
y  the  later  part  of  the  third  Proportion  of  right-lined  Triangles.  * 

At  thfl  Xu™  A  r?  A  XT  o .  <  <  6 


As  the  Sum  of  the  Sides  AF,  AN 
Is  to  the  Difference  of  thofe  Sides 


820 
299  4~ 


So  *ht  Tang,  of  the  balffnm  ofepp.Ang.  at  F  &N 
Tot^eTang.  of  half  the  D iff.  between  thofe  Ang. 


22  20 
8  3b\ 


This  half  Djff.  added  to  the  half  fum  gives  the  greater  Ane*  AFN 
and  fubtra&ed  the  lefler  A  N  F  0 


2.9141050 

2.4763245 

4^7780^ 

961761J3 
9  1778348 


31 


As  the  Sine  of  A  N  F 

1 0  the  Head-line  A  F 

So  the  Sine  of  FAN 

To  the  Line  of  Defence  F  N 


*3  *? 
26©  ii- 


45  00 
76.7  *iA 


48 


18 


53f 


00 


9-3  805157 
2.41  58904 

6.9646253 
9. 8494850 
2.8848597 


c'  jInLthc  JriaB8te  ABCwe havc  the  Side  A  B,  and  the  three  Andes 

ltlc,G  A  °rAp®from  the  Ccn'er  » the  Angles  of  the  Fort!  ’ 
A,  thereof  ACB  90  co  oo  lo.ooooooo 

TV  the  Side  A  B  7fin  — £ — — r- 

2.8450980 

GO  00  9.8494850 

in  - 


©0  00 

A  B  700 

So  the  Sine  of  ABC  45 

To  the  Line  AC  494—-  -  .  D- 

Th,S  line  A  C added  to  the  Head-hne  A  F,  gives  the  whole  C  F^omth, 
Center  of  the  Fort  to  the  uttermoft  point  of  the  Bulwark  c.be  7U 

,J % Ia  he  T«WSk  CpL  (the  Side  F  L  being  parallel  to  A  B  ?he  Side  d 
the  Fort)  we  have  the  three  Angles  and  the  Sirlirc  u  u  l  'C  ® 

fdnd  F  L  the  Diflance  between  the  points 


/ 


t»d  Tables  of  Logarithm. 

C  L  F  45  oo  oo 

CF  755  ilt 

FCL  90  oo  oo 

-j  0  cae  i* me  T  T  .  *^6%.  464 

Thus  by  refolding  of  fix  Triangles  we  have  round 
The  Angle  at  the  Gorge 
The  Angle  of  the  Bulwark 
The  Angle 
The  Angle 


As  the  Sine  of 

T 0  the  Line 
So  the  Sine  of 

To  the  Line 


DA  E 
GF  E 
FED 
ANF 


2,  II 

9.8494850 

2.S78249S 

10.0000000 

3.0x87648 
gr»  m.  fee . 

3S  3*  i* 
6®  52  24 
i°4  33  48 
13  S3  48 
foot . 


The  length  of  the  Line  A  E 

The  Head-line  * 

The  Line  on  the  Cortin  “  ™ 

The  Line  of  Defence  t  ™ 

The  Semidiameter  * 

The  Line  from  the  Center  to  the  Bulwark  C  E 

The  Diftance  between  the  Bulwark  FL 

The  principal  Lines  and  Angles  belonging  to  the  Bulwark  at  A. 

The  reftofthe  Lines  are  either  parallel  unto  thefe,  orelfethey  may  be 

found  in  the  fame  manner.  .  .  a  r  l  r>  ? 

And  all  thefe  may  be  undeifloodby  the  fame  in  the  reft  of  the  Bul¬ 
warks  belonging  to  this  Fort.  r  ,  1f 

Again,  what  is  faid  of  a  Square  Fort,  the  fame  may  be  applied  to  all 

regular^ Forts.^oivi^g  t^e  works  0f  other  men,  it  may  appear  how  near 

they  have  come  to  the  former  grounds^ 

But  that  we  may  not  altogether  inhft  upon  Examples,  I  will  fet  down 
feme  profitable  Suppofitions,  and  from  them  proceed  to  find  the  relt  of 
the  Lines  and  Angles’ belonging  to  any  Regular  Fort. 

The  Angle  at  the  Center  A  C  B, between  the  Lines  C  A ,  C  B  drawn 
from  the  Center  to  each  Bulwark,  is  found  by  dividing  jdo^r.  by  the 
number  of  the  Sides.  So  in  a  Square  Forr,  this  Angle  will  be  9©  gr.  In  a 
Pentagonal  Fort,  where  there  are  five  Sides,  ic  will  be  72  gr.  See. 

a.  Take  this  Angle  at  the  Center,  out  of  i8ojr.  there  remains  the 

Angle  of  the  Fort  HAD.  , 

a  The  Angle  A  D  E  between  the  Flank  and  the  Cortin,  may  be  al- 

**19*?'  Dddd  a  4- The 


ZIZ  The  general  V  fc  of  the  Canon 

4.  The  uttermoft  Angle  of  the  Bulwark  E  F  G,  muft  be  lefs  than  rife 
Angle  of  the  Fort,  yet  not  lefs  chan  60 gr.  nor  doth  it  need  to  be  much 
.more  than  90  gr.  If  we  allow  it  to  be  f  of  the  Angle  of  the  Fort,  it  may 
be  defended  from  the  Flank  and  Cortin  on  either  fide. 

$.  The  Angle  at  the  Gorge  D  A  E,  which  forms  the  Flank  D  E,  may 
be  allowed  between  95  and  40 gr.  For  in  fmail  regular  Forts  it  may  be 
4©£r.  Bat  where  the  Angle  of  the  Fort  is  great,  it  may  be  lefs. 

Thefe  five  Angles  being  firft  feded,  the  moft  of  the  ocher  Angles  will 
depend  upon  them,  as  in  the  Table  following,, 

Or  howfoever  there  may  be  other  Angles  found  to  be  more  convenient^ 
yet  thefe  are  fufheient  to  explain  the  ufe  of  Triangles. 


In  a  Regular  Fort* 

Angle  at  the  Center  A  c  B 

Angle  of  the  Fort  HAD 

Angle  of  the  Flank  AD  E 

Angle  of  the  Bulwark  GFE 

Angle  of  the  Gorge  DAE 

Qj.i<rlr. 

Pcntag. 

Hexag. 

H  ptag. 

Odtagon. 

Cortin. 

Gr.  M. 

90  O 
90  C 

90  0 

60  0 

40  0 

4?  © 

30  0 

*35  0 
15  0 

75  0 

0 

Gr.  M. 

Gr.  M. 

Gr.  M. 

Gr.  M- 

Gr.  M. 

7a  0 
I08  O 
90  o 

72.  0 

2  9  © 

54  0 

3  6  0 

1  16  0 
18  0 

71  0 

I08  0 

60  0 

I  zo  © 

90  0 
90  0 

38  0 

60  0 

40  0 

IlO  0 

ao  0 

70  0 

no  0 

5  *  15 

1 28  34 
90  0 

85  4a 
37  0 

6  4  17 

4*  51 

115  43 
ai  as 

68  35 

1 1 1  16 

45  0 

*35  0 
90  0 

90  0 

3^  0 

67  30 

45  00 

1 1  a  30 
a  a  .30 
67  00 

112  30 

O  O' 

180  0 
90  0 

90  6 

35 _ 0 

90  0 

*45  0 

90  0 

45  0 

45  0 

135  0 

1  he  half  of  HA  Du  CAD 

Half  of  GFE  is  AF  E 

Complement  of  C  AD  is  D  AF 
AF  E  out  of  CAD  leaves  AO  F 
Complement  of  AO  F  is  OED 
Complement  of  0  E  D  is  DEF 

Complement  of  DA  E  is  AED 

AED  out  of  D  EF  leaves  AEF 
AEF  and  A  F  E  give  F  AE 

50  0 

55  0 
95  0 

5i  0 
57  0 
P7  0 

5  ^  a 
5S  0 
8  a  0 

53  0 

58  26 

78  43 

54  0 

58  30 

76  30 

5  5  0 

80  0 

55  0  1 

PROP.  II. 

Having  the  ordinary  Angles ,  with  the  FlanJ^and  Line  of  Defence,  to  find 
the  reft  of  the  Lines  and  Angles' in  a  Regular  Fort. 

Sllopofe  the  Angles  to  be  fiich,  as  in  the  former  Table,  the  depth  of  the 
Flank  D  E  100 foot,  and  the  Line  of  Defence  F  N  720  foots,  and 
that  it  were  required,  to  find  the  reft  of  the  Lines  and  Angles  belonging  to 
a  Pentagonal  Fort.  k  15 

t.  In  the  Triangle  A  DE,  having  the  three  Angles  and  the  Flank  D  E, 
we  may  find  the  length  of  the  Gorge  A  D,  and  the  Line  A  E.  The  Angle 
of  A  D  E  isalway  po.gr.  but  the  Fort  being  Pentagonal,  made  with  five 
Bulwarks  at  the  five  Angles,  the  Table  gives  the  Angle  DAE  Jo  or.  and 
die  Angle  AE  D  ji  gr.  wherefore,,  i9t  1 


As  the  Sineof 
TothFUnk, 

So  the  Sine  of 
To  the  fjorge 

And  the  whole  Sine 
To  the  Line 


and  Tables  ef  Logarithms • 


V  AE 

39  00  00 

BE 

100 

AED 

51  00  00 

AD 

j  j  ^  A.  ?. 

ADE 

po  00 

AE 

158  **■ 

21) 

9  79887 l8 
2.0000000 

7.7988718 

9.89G50?6 

2.O9I6308 

IO.OOOOOOQ 
2. 20H28» 


2  In  the  Triangle  A  F  E,  having  the  three  A ngles  and  the  Side  A  E 
^1  .  .  r?  A  .1,.  feiW^ir  F  F.  and  the  Head- line  A  F. 


we  may  nna  tne  ratc< 
At  the  Sineof 

To  the  Line 

AFE 

AE 

*****  *  - 

36  00  00 

158^ 

1 

So  the  Sine  of 

To  the  Face 

F  AE 
FE 

87O  OO 

269-* 

And  the  Sine  of 

To  the  Head  line 

AEF 

AF 

57  00  0© 
226 ^ 

3.  In  the  Triangle  Ah  U,  navmg  cne  uucc 
we  may  find  the  other  two  Sides  F  O  and  A 


the  Sine  of 
To  the  H  ad  line 

So  the  Sine  of 
T 0  the  Line 

And  the  Sine  of 
To  the  Line 


AOF 
AF 


FAQ 


AFO 

AO 


18  00  00 
226  151 

126  00  00 

593 i:i 

26  00  00 
438  A  ^ 


9.76921 86 
2.1011 282 

7.5680904 

9.9994044 

2^4^314? 

9 9*359*4 

2.3555010 


9  4899s2? 
a.  ^ S 5  5 0 10 
7  134481 3 

9.907457^ 

a.772976; 

9.7692186 

2.6347373 


4.  In  the  Triangle  A  F  N,  having  the  Head-line  A  F,  the  tine  of  De¬ 
fence  F  N,  and  the  Angle  FAN,  we  may  find  the  other  two  Angles  ac 
N  and  F,  and  the  third  Side  A  N. 

A f  the  Line  of  D  fence  F  N 
To  the  Sine  of  F  A  N 


710 

126  00  CO 


1.857332? 

9.9079576 


226  13l 

14  45  33 


7.0506271. 

2.3555010 

9  40^1261 


60  the  Head-line  A  F 

To  the  Sine  of  ANF  >4  4)  44,  ,  xt-"'*-'- 

This  Angle  A  N  F  added  to  the  Angle  FAN,  and  the  Sura  or  both. 

taken,  out  of  1 8 o^r.  will  give  the  third  Angle  A  F  N. 


I 


I 


2f  ^  4 

til  Sine  of  FAN 

the  Line  of  Defence  F  N 

So  the  Sine  of  AFN 

Ttf  the  Line  of  AN 


The  genenlvfe  tf the  Cmm 


126  00  00 
720 

39  14  27 

56  2  1£ 


9‘907&576 

2-8*7i1*S 

7Q$o6in 

9.8011178 

2.7504917 


Having  this  Line  A  N  if  we  cdd  the  Gorge  N  B  or  AD.  the  Sum  of 
both  thali  be  the  Side  of  the  Fort  A  B. 

If  we  take  che  Gorge  A  D,  out  of  this  Line  A  N,  the  Remainder  fhall 
be  the  Cor  tin  D  N. 

Again  if  we  take  the  Line  A  O  out  of  this  Line  A  N,  the  Remainder 
fhall  be  ON,  that  part  of  the  Cortin  from  whence  the  Face  of  the  Bul¬ 
wark  may  be  defended.  And  fo  here, 


1  he  length  of  this  Line 
The  Gorge 

The  Side  of  the  Fort 
The  Cortin 

Again  taking  the  Line 
From  A  N,  there  remains 


AN  being 

AD 

A  B  fhall  be 
DN 

AO 

ON 


552.98 

125.49 

686.47 

43949 

43*^6 

131.72 


5.  In  the  Triangle  A  I C,  having  the  three  Angles,  and  the  Side  A I 
the  one  half  of  A  B  the  Side  of  the  Fort,  we  may  find  both  C  I,  the  Se¬ 
midiameter  of  the  Circle  inferibed,  and  C  A,  the  Semidiametcr  of  die 
Circle  circumfcribed  about  the  Fort. 

9.7692186 

2_lS35$  9*5 
7-2536271 

9 9079576 

2  674? gpy 

1 0.0000000 

This  Line  C  A  added  to  the  Head-line  A  F  gives  the  diftance^  cf  F^be^ 
tween  the  Center  of  che  Fort,  and  the  uttermoft  point  of  the  Bulwark. 


Jis  the  Sine  of 

AC  I 

To  the  Line 

Al 

So  the  Sine  of 

C  A  I 

To  the  Line 

Cl 

z/4nd  the  -whole  Sine 

CIA 

To  the  Line 

C  A 

36  00  00 
343  --1 

54  00  0® 
472.4125 

90  00  60 
583.9466 


6.  If  this  Fort  fhall  be  encompafled  wich  a  Ditch,  whofe  uttermoft 
Sides  fhall  be  parallel  to  the  Face  of  the  Bulwark  j  fuppofing  this  Ditch 
to  be  of  a  known  bredth  (and  that  may  be  about  100  foot)%ve  have  the 
Triangle  F  1X3  wherein  knowing  the  three  Angles  and  the  Side  F  * 
v/e  may  find  the  Line  F  X.  3 


As  the  Sine  of 


mi  Tables  of  Logarithms . 

FXz  36  oo  00 


9.7692186 


To  the  Bredth-Line  ,  F  Z 

So  the  whole  S  ine  F  z  X 

IOO  - 
90  00  00 

2,0000000 

10,0000000 

T  tU*  T  *  FX  170  AJ-  2.2307814 

Sis  Line  F  X  added  to  the  Line  C  F,  gives  the  Diftance  C  X  between 

1  the  Center  of  the  Fort,  and  the  uttermoft  Corner  of  the  Ditcn .  and  io 

The  Length  of  the  Head  line 
’  The  Semidiameter 

AF  is 

C  A 

226.72 

583.95 

Both  thefe  make  the  Line 

Add  unto  this  the  Line 

CF 

FX  - 

810.67 
170. 1 3 

SoCA,  A  F,FX  make 

cx 

980.8# 

7.  In  the  Triangle  C  Y  X,  having  the  three  Angles  and  the  Side  C  X, 
we  may  find  the  two  other  Sides  C  Y  and  X  Y. 


To  the  Line 


So  the  Sine  of  GXY 

Tq  the  Line  C  Y 

And  the  Sine  XC  Y 

XY 


9.978206$ 

2.9915817- 


36  00  00 
606  *** 
36  00 
606 


6.9866248 

9,7  69**86 
2.7825938 
9.7692 186 


TlK  Lined,  from  this  Line  CY,  there  remains  I Y,  t'hebredtii 
of  the  Ditch  from  the  middle  of  the  Cortin. 


tv  Then,  for  the  Lines  F  L,  X  Z,  and  fuch  other  Parallels  to  the  Side 


of  the  Fort  A  B. 
t/fs  the  Semidiameter 
To  the  Side  of  the  Fori 

Hi 

So  the  length  of 
T 0  the  Difiance 
And  the  length  of 
Tothe  Bifiana 

ii  ' 


C  A. 

j8  3.95*, 

A  B 

6%6. 47 , 

CF- 

810.  67 

F  E 

953.0° 

CX 

980.80  _ 

xz 

1 1 5  a. 97 

2.7663729  > 
2.8366215. 


7.0702  486 

2.9088444  V 
2.9790930 
2.9915817 
33.061831©.' 


2,1 6  The  general  Vfe  of  the  Canon 

9.  The  Perpendiculars  C  3,  C  4,  andrfuch  others,  let  ddwn  from  the 
Center  upon  the  former  Parallels  may  be  found  in  the  fame  fort. 
s/is  the  Semidiameter 
To  the  Perpendicular 


% 

So  the  Length  of 
To  the  Perpendicular 

And  the  Length  of 
7 0  the  Perpendicular 


C  A 

583  95 

2,7663729 

Cl 

47*  4* 

*•6743305 

.  •  ! 

92O424 

CF 

8lO  67 

2.9088444 

Cj 

6*5  84 

2.8168020 

cx 

980  80 

1.991581* 

C4 

793  48 

1.8995591 

10.  IfwetakeIR  the  frredch  of  the  Rampart  out  of  thePerpendi* 
cular  C  I,  fuppoiing  the  bredth  of  the  Rampart  to  be  100  foot,  there  re¬ 
mains  572  42  for  the  Perpendicular  CR. 

If  we  take  out  I  T  the  bredch  of  the  Rampart  and  Street  adjoyning, 
(the  Street  being  luppofed  30  foot  broad)  there  remains  342  42  for  the 
Perpendicular  C  T. 


As  the  Perpendicular 

To  the  Side  of  the  Fort 

Cl 

A  B 

47 2  42 
686  47 

*  674330* 
2,8366215 

1622910 

So  the  Perpendicular 

To  the  Side  of  the  Rampart 

CR 

QJ 

37*  4* 

541 16 

2.57103*8 

2.7333168 

%And  the  Perpendicular 

To  the  inner  Side  of  the  Street 

CT 

vw 

34*  4* 
497  57 

2.534*621 

2.6968532 

As  the  Perpendicular 

To  the  Semidiameter 

Cl 

C  A 

472  42 
S«3  9S 

2.6743305 

2.7663729 

«* 

92O424 

So  the  Perpendicular 

To  the  Lins 

CR 

CQ. 

37*  4* 
460  34 

* 

2.57  IO378 
2,6630802 

And  the  Perpendicular 

To  the  Line 

CT 

CV 

34*  4* 
4*3  *3 

2.534*622 

2.6266046 

PROP. 
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PROP.  III. 


j  Having  the  ordinary  Angles  with  the  Line  of  Defence  and  Face  of  the 
Bulwark,  to  find  the  refi  of  the  tines  and  Angles. 


SUppofe  a  longCortin  to  be  fortified  with  Bulwarks,  the  Angle  of  each 
Bulwark  to  be  90 gr.  the  Angle  at  the  Gorge  forming  the  Flank  3 
theteftas  in  the  former  Table,  the  Line  of  Defence  720  foot,  and  the 


Face  of  the  Bulwark  300  foot. 

AstheSine.of  FAE  5$  00  00  9.9* 33*45 

To  the  Face  FE  3°°  2.4771212 


So  the  Sine  of 

A  E  F 

80  OO  OO 

7-43<5Mj| 
9-99  335*4> 

To  ths  Head-line 

A  F 

360.668 

2.  ?57io8r 

And  the  Sine  of 

AFE 

45  OO  OO 

9,8494850 

To  the  Line 

AE 

258.965 

2.4T324l7 

2.  In  the  Triangle  A  D  E,  having  the  three  Angles  and  the  Line  A  E5 

tve  may  find  both  the  Flank  D  E,  and  the  Gorge  A  D, 
As  the  Sine  of  A  D  E  j»o  00  00 

ib.oocoooo 

Toths  Line 

A  E 

258.96 

2.4132417 

S§  the  Sine  of 

dae 

35  00  00 

7.5867583 

9.7585913 

To  the  Flanl^ 

DE 

148.73 

2,1718330 

And  the  Sine  of 

AED 

5  5  00  OO 

99133645 

To  the  <Jorge 

AD 

212.132 

2.3266062 

*  :  . 

• 

E  c  e  e 

3.  In 

/ 

21 8 


The  general  Vfe  of  the  Canon 


3-  In  the  Triangle  F  A  O,  having  the  three  Angles,  and  the  two  equal 
Sides  AF,  AO,  we  may  find  the  length  of  F  O,  the  Face  produced  unto 
the  Cor  tin.  V 


As  the  Sint  of 

To  the  Head,- line 
So  the  whole  Sine  of 

To  the  Face  produced 


A  O  F 

•a 

'-a 

O 

O 

O 

O 

A  F 

fao 

360.66 

90  co  00 

FO 

51© 

9.8494850 

a.557lC>8l 

io.oooooco 


2.7076231 


4.  In  the  Triangle  FAN,  having  the  Head-line  A  F,  the  Line  of 
Defence  FN,  and  the  right  Angle  FAN,  we  may  find  the  other  two 
Angles  at  F  and  N,  and  the  third  Side  A  N. 


As  the  Line  of  Defence  F  N  720 


2.8*73325 


To  thevehole  Sine  of 
So  the  Head- line 

To  the  Sine  of 

As  the  Sine  of 

To  the  Line 
So  the  Sine  of 

%!T 9  the  Line 


FAN 
A  F 


po  00  00 
360.  66 


10.0000000 

2.5571081 


ANF  30.3 


FAN 

FN 
A  FN 

AN 


90  00  00 
720 

59- 5*  i 
623.1697 


9.69977s6 

10.0000000 

*•85733*5 

9  9?  7*735 


‘  having  the  Line  A  N,  if  we  add  the  Gorge  NBorAD,  the  Sum  of 
both  {"hall  be  the  Line  A  B  or  F  L,  the  Diftance  between  both  Bulwarks. 

If  we  raxe  the  Gorge  A  D  out  of  this  Line  A  N,  the  Remainder  lhall 
be  the  Cortin  D  N. 

Again,  if  we  take  the  Line  A  O  out  of  this  Line  A  N,  the  Remainder 
iriall  oe  O  N,  that  part  of  the  Cortin  from  whence  the  Face  of  the  Bul¬ 
wark  may  be  defended. 


Thus  the  Length  of 
The  Gorge  N  B,  cr 

The  Diftance  F  L  or  ' 

The  Cortin 

Again  taking  the  Line 
From  A  N,  there  remains 


oemg 


A  N 
AD 

A  B  fhall  be 
DN 

AO 

ON 


623.169 
212. 132 

835-3°* 

41»°37 

360.668 

262.501 

PROP. 


and  Tables  of  Logarithms , 


PROP.  IV. 

Having  the  Angles  of  an  irregular  Fort,  with  the  Side  between  them,  and 
H  the  Face  of  the  Bulwark ,  to  find  the  reft  of  the  Line,  and  Angle,. 

O  Uppofe  the  Angles  of  an  old  walled  Town  were  to  be  fortified  with 
S  new  Bulwarks.  The  Angles  of  the  Bulwark  to  be  either  5  of  the 
VS « the  Wall  (or  if  f  of  the  Angle  be  more  than  9o gr.)  it  may 
Office  that  they  be  90 gr.  The  Flanks  perpendicular  to  the  Coran,  to 
be  formed  byw  Angle  between  3  5  and  4ogr.  as  .hall  be  found  more 
a  rhp  Fscc  oF  eacb  Bulw^ffC  to  be  jjooioot* 

C°  LeTthe  Angle  at  A  be  126 gr.  then  may  E  F  G  ,  the  Angle  of  the 
Bulwark  beS4 gr.  and  the  Angle  DAE  may  be  allowed  to  be  38 gr. 
Let  the  Anglelt^Bbe  W  then  becaufe  f  of  this  Angle  are  above  90^-. 
the  Annie  of  this  Bulwark  may  well  be  90 gr.  and  the  Angle  at  the 
Gorge  NB  M,  3  6  gr.  And  let  A  B,  the  Diftance  between  thefe  Angles 

bC In  regular  Forts  the  Bulwarks  may  be  made  one  like  the  other,  to  the 
Head  Ene  being  produced  will  all  meet  in  the  fame  Center.  In  irregular 
(2  as this)  there  will  be  fome  Difference,  yet  the  work  though  feme- 

what  theTriangle  A  F  E,  becaufe  the  Angle  of  the 

Fort  HAD  is  r  26  gr.  the  half  Angle  OA.D  61  gr.  and  the  Angle 
„  the  Gorge  D  AE  fog**.  A"„  „'f 

iK'utaS  b=»S  Of'  the  Angle  A  E F  w,»  be  „p.  bjObm- 
plement. 


4s  the  Sint  of 
To  the  Face 


So  the  Sine  of 
To  the  Head- line 

And  the  Sine  of 
To  the  Line 


F  AE 

79  00  CO 

F  E 

3°° 

JVt  *  - 

A  E  F 

59  00  00 

AF 

261  96s 

AF  E 

- 

IJ 

O 

O 

O 

O 

AE 

204  49$ 

9 9919465 
2.4771212 

7*5 14825s 

9-93306 56 
2.4182403 


'  e 

The  general  Vfe  of  the  Canon  •  • 

i  Jn^e  ^e^?npJeT  A  D  E>  c*le  Angle  at  the  Gorge  DAE  being  38  t r . 
other  Angle  Dn  A  mull  be  Stgr*  by  Complement. 


whole  Sin ?  of 
To  the  Line  of 

So  the  Sine  of 
To  the  Flanks 
An d  the  Sine  of 
To  the  Gorge 


ADE 
A  E 

DAE 

DE 

A  ED 
AD 


90  ©o  oo 
204  496 

38  CO  OO 
125.900 

52  00  00. 
161.  *45 


1 0.0000000 
2.31968?$ 

7689?  144 

9.789^419 
2.1 000275 

9. 896  ?  3  21 
2.2072177 


a  I‘!tlk|Ina"ner?ttfle  Bulwark  B  in  the  Triangle  BLM,  becaufe  the 

at  ths^GoreeNB  yf4°^‘  ,the ‘1,lf  thcreof  S  BN70.fr.  and  the  Angle 
at  the  Gorge  N  B  M  rupp°fed  t°  he  36  gr.  the  Angle  M  B  L  will  be  74  vr. 

4  il  thfth^r^A  8‘C1  BpLw1r  ^the  half  °f  the  An8,e  of  the  Bulwarit/btwg 
45^r.thethird  Angle  B  M  L,  rouft  be  61  gr,  by  Complement. 

tS’iwr  c/*  M  B  L 

To  the  Face  ML 


67**  of 

To  the  Head- lint 

And  the  She  of 
To  the  Line 


74  00  00 
300 

l 


B  ML 
BL 
BLM 
BM 


61  00  00 
272.960 

45  00  00 
920.682 


9.9828416 

2,4771212 
7«  50 57204 

9.9418192 

2.4360988 

9.8494850 

2-3437$4<S 


And  in  the  Reftangle  Triangle  B  N  M,  allowing  N  B  M  the  Anpl 

S«pSS.“  sSir-  “to An* »“  «  «/t 


ro.ooooooi 

3.341764 

7.636233. 

9.76921 8< 
2.112P83: 


-4f  the  whole  Sine 

To  the  Line 

f  .  '1  G  •  : 

‘  V  1 

BNM 

BM 

90  OO  OO 
220.68l 

$0  of 

Tq  the  Flanks 

N  BM 
NM 

36  00  00 

1 29  713, 

And  the  Sine  of 

To  the  fjorgs 

BMN 

BNf 

54  00  00 
l7*534 

9.907937. 

*'2$IJ22 


3*  In 


Ill 

s 


and  Tables  of  Logarithms 

2.  In  the  Triangle  A  F  O,  taking  the  Angle  A  F  0  42  JT .  out  o 
the  Angle  QA  O63  £r.  there  remains  2 1  gr.  for  the  Angle  A  O  F. 

As  the  Sine  of 
To  the  Heal  line 


So  the  Sine  of 
To  the  Line 

And  the  Sine  of 

To  the  Face  produced 


AO  F 

2 1  00  00 

✓  ✓ 

AF 

261.963 

AFO 

42  00  00 

A  O 

« 

489  127 

F  AO 

63  00  00 

FO 

9  5545-9* 
2,41 8  240$ 


6.13^60888 

p.8255tC9f 

2.6894221 


9  9498808 

2.813792° 


And  fo  in  the  like  Triangle  B  L  P,  taking  the  Angle  B  L  P  45 &'■  °ut  °f 
th£  Angle  S  BP,  70^.  there  remains  25  gr.  for  the  third  Angle  B  LI » 


As  the  Sine  of 
To  the  Head-line 


B  PL 
B  L 


25  00  00 
272.960 


So  the  Sine  of 
To  the  Line 


BLP 
B  P 

\ 

L  BP 
L  P 


And  the  Sine  of 

To  the  Face  froduced 

Thus  the  length  of  the  Side 
The  length  of  the  Gorge 

The  length  of  the  Line 
Take  from  this  the  Line 
There  remains  for  the  Line 


Again  taking  the  Gorge 
Out  of  the  Side  A  B,  there  remains 
Take  from  this  the  Line 
There  remains  for  the  Line 

Take  A  D  out  of  A  N,  the  Coma 


45  00  op 

456.704 

110  00  00 
606.927 


9.6259482 

2.4360988 

7.1898494 

9.84948  Jo 
2.6596356 


9.9729858 

2.78*1364 


A  B  being- 

75  oj 

BN 

178.5*4 

AN 

571.4  66 

AO 

489.127 

ON 

83.339 

AD 

161.145 

B  D 

588.855 

BP 

456.704 

DP 

132.151 

-  DN  is 

410.321 

• 

4.  In 

2iz  The  general  Vfe  of  the  Canon 

4*  In  the  Triangle  AFN,  having  two  Sides  AF,  AN>  and  FAN 
the  Angle  between  them,  we  may  find  the  other  two  Angles  at  N  and  Ff 
and  the  Line  of  Defence  F  N. 


As  the  Sum  of  the  Sides  A  F,  A  N 
Is  to  the  Difference  of  thofe  Sides 


83  *.429 
309.503 


So  the  Tang  of  the  half f of  6pp.  Ang.at  Fe^N  31  300 
To  the  Tang .  of  half  the  Diff between  thofe  Ang.  I  2  49  — 

This  half  Diff.  added  to  the  half  fum  gives  the  greater  Ang,  AFN  44  19I 


2.9208684 
2  4906636 

430.2048 

9-7%7l'9l 
9  J57”45 


and  fubtra&ed  gives  the  Idler 
As  the  Sine  of  A  N  F 

To  the  Head-line  A  F 

So  the  Sine  of  FAN 

To  the  Line  of  T)e fence  F  N 

And  the  Sine  of  A  F  N 

To  the  Line  A  N 


ANF 
18  40J 
261. 963 

63  OO  OO. 

728.783 

44-i  S>4 
57M65 


1 8  40* 

9.50,5125 
2.41  §3405 

7.0872822 

9.9498808 

2.8625986 

9*8442725 

3.75699O3 


And  in  the  lik^fifriangle  BDL,  having  two  Sides  BL,B  D,  and  the 
Angle  between  them  L  B  D,  we  may  find  the  other  two  Angles  at  D  and 
L,  and  the  Line  of  Defence  L  D. 


As  the  Sum  of  B  L  and  B  D 
To  the  Difference  of  thefe  Sides 


861  815 
315  8 95 


2.9354138 

2.4995421 

„4?$37*7 

9.8452267 

9.4093350 


and  fubtradled  the  lefler 

BLD 
BL 


As  the  Sine  'of 
To  the  He  ad- line 


20.36 
272.960 


2. 

3 


S 0  the  Tang .  of  the  half  f  um  pfopp.  Ang ,  at  L  &  D  35  00 
To  the  Tangent  of  <14  23  j 

This  half  Diff.added  to  the  half  fum  gives  the  greater  Ang.  BLD  49.V3 * 

20.3  6f 

9-54635$oi 
2.4360988 

7. 1 103544 

9  97J9$5$ 

2,8626314 

9  8803627 
2.7700083 
PROP. 


£0  the  Sine  of  L  B  D 

7~0  the  Line  of  "Defence  L  D 

And  the  Sine  of  BLD 

To  the  Line  BD 


70.0.0 

T8 

49-T3S 

•5SO55 


and  Tables  of  Logarithms. 

PROP.  V. 


22  J 


!  4 


Having  the  Lines  anil  Angle/  ef  a  Regular  Forty  to  find  the  Content  tn 
feet  and  &4cres» 

He  Content  of  a  Fort  may  be  taken  fevetal  ways :  either  from  within 

X  the  Rampart,  or  from  within  the  Oat-fide  of  the  Ditch,  or  e  e  u,e 

may  take  in  the  Out-works :  And  thofe  may  be  of  feveral  forts,  fuch  as 

ar' 'i/SeXfi^theContent  within  the  Rampart,  we  have  theTnangle 
QC  5,  wherein  knowing  the  Perpendicular  C  R  and  the  Ba  e  CL> 
mTy  find  the  Content  of  the  Triangle.  And  this  Content  mutapljed  by 
tht  Number  of  the  like  Triangles  belonging  to  the  Fort ,  (hall  be  th. 

WhThu<r,°1in  the  Pentagonal  Fort  before  defcribed,  where  the _P«Pc^dl' 
cular  C  R  wa$  found  to  be  in  feet  372.42,  and  the  Bale  CL  54 


As  the  folemn  number  2# 

I  Is  to  the  Bafe  QS  541. i<5 

S  V  T  —  v  * 

H  BDv  **/. 

So  the  Perpendicular  C  R  372,42 

To  the  Content  of  the  Triangle  100773.25 
Add  (for  five  Triangles )  the  Logarithm  of  5 

TheContent  in  feet  comes  to  503866 

Then  to  reduce  this  Content  into  Acres,  we  may  either  cuvide  the  num. 
her  offeet  by  43  560  (the  number  of  feet  concerned  in  an  Acre)  or  word¬ 
ing  by  Logarithms,  we  may  fubtraft  this  folemn  Logarithm  4.63908787, 
Thus  from  the  Logarithm  of  503866.25*  5.702302 6 

|  Subtraft  the  folemn  Logarithm  •  43560  4.6390878 

There  remains  the  Logarithm  of  11,56  3,0632148 

TheContent  in  Acres  concerned  within  the  Rampart. 

V  *  S 

!,  it  *  ;  v 

If  it  be  required  to  find  the  Content  of  this  Pentagonal  Fort  within  me 
outward  Side  of  the  Ditch,  we  have  ten  fuch  Triangles  as  XCY,  where- 
!  in  knowing  the  two  Sides  C  X,  C  Y,  and  the  Angle  between  them  X  C  Y* 
we  may  let  down  a  Perpendicular  from  the  Angle  atY,  upon  the  Bale 
CX5  and  then  with  the  Perpendicular  and  the  Bafe,  we  may  find  the 
Content  of  the  Triangle  as  before. 


o.  3010300 
2.7333268 

2.4322968 

2.57r°358 

5.0033326 

0.6989700 

5,7023026 


224  '  The  general  Vfe  of  the  Canon 

Thus  the  Side  CX  being  980.80,  the  Side  C  Y  606,17,  and  the 
Angle  between  them  X  €  Y,  36  00  00, 


t.  As  the  whole  Sine  of 


90  00  00 


To  the  lejfer  Side  C  Y  607.17 

So  the  Sine  of  X  C  Y  36  00  00 


To  the  Perpendicular 

3,  As  the  folemn  number 
To  the  Bafe  €  X 


'2. 

980^80 


So  the  Perpendicular 

'  To  the  Content  of  the  Triangle  \  174728.6® 
Add  (for  ten  Triangles)  the  Logarithm  of  10. 


The  Content  in  feet  comes  to  *747  1 

Again,  fubtra&  the  Logarithm  of  43560 


\ 


* 

The  Content  in  Acres  comes  to  40, 1 1 


10.0000000 


*•78**938 

9«7$9*l86 


2.5518124 

0,3010300 

2.9915815 


2.6905515 


2.5518124 
%  5.2423639 
X.OOQOOGO 

6.2423639 

4.6390878 


r.  60  3  276 1 


By  the  fame  reafon,  refolding  ail  into  Triangles,  we  may  take  in  the 
Counterfcarp,  and  the  reft  of  the  Out-  works  y  and  fo  find  the  Content 
not  only  of  a  Regular  Fort,  but  of  any  other  Piece  of  Ground. 
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Edm,  Gunter . 


His  Canon  hath  fix  Columns.  The  firft  is  of  Degrees  and  Mi- 


TiJCth  of  Degrees  and  Minutes  from  45£r.  unto  the  end  of  the 
Quadrant ;  the  other  four  contain  the  Sines  and  Tangents  belonging  to 
each  of  thofe  Degrees  and  Minutes,  after  the  manner  of  other  Canons. 
The  difference  is  in  the  Numbers :  For  thefe  Sines  are  not  fuch  as  half  the 
Chords  of  the  double  Ark,  nor  thefe  Tangents  Perpendiculars  at  the  end 
of  the  Diameter ;  but  other  Numbers  fubftituted  in  their  place,  for  at¬ 
taining  the  fame  end  by  a  more  eafie  way,  fuch  as  the  Logarithms  of  the 
Lord  of  Merckifton  ;  and  thereupon  I  call  them  Artificial  Sines  and  Tan¬ 
gents.  So  the  fecond  and  fourth  Columns  contain  the  Sines  and  Tangents 
of  the  Degrees  and  Minutes  in  the  firft  Column  ;  the  third  and  fifth 
contain  the  Sines  and  Tangents  of  the  fixth  Column. 

As  if  it  were  required  to  find  the  Artificial  Sine  belonging  to  our  La¬ 
titude,  which  here  at  London  is  5 5  2  m'  You  ^nd  Sine  5 1  in  the 
lower  part  of  the  Page,  and  M.  32  in  the  fixth  Column,  the  common 
Angle  will  give  9.89  3745  2  for  the  Sine  required.  And  in  the  fame  Line 
you  have  97938317  fortheSfiieof  the  Complement  of  this  Latitude, 
which  in  one  word  may  be  called  the  C°'fine •  like  manncr,  the  Tan¬ 

gent  of  51  gr.  32  m.  will  be  found  to  be  10.09991 34*  and  the  Co-tangent 

9.90008  65. 

The  Secants  (if  there  wereufe  of  them^  mayeafily  be  fupplied,  by 
taking  the  Co-fine  out  of  the  double  of  the  Radius. 

As  the  double  of  the  Radius ,  being  20.0000000 

Take  hence  the  Co-fine  of  51  gr.  32  w.  97938317 

TheSecant  ©f  ytjjr.  32  m.  will  be  10.20 61683 

The  Verted  Sine  mayatfo  be  fupplied  by  adding  3010300  unto  the 
double  of  the  Sine  of  half  the  Ark,  and  fubtra&ing  the  Radius .  As  the 
half  of  5 1  gr.  3  2  m.  being  2  $  gr.  46  m. 

Add  to  the  Sine  of  2 %gr.  4 6  m. 

The  fame  again,  and  the  former  Nimiber, 

So  the  Radius  being  fubtra Ctcd,  qJd  + 

Th  tVerfed  Sine  of  gr.  32  m.  will  be 


9.6381968 

9.6381968 

3010300 

9.5774236 


Aaaaa  2 


mmn 


maxim. 


M  | 

Sin.  0. 

Tang.  0. 

*  .f ’• 

—  1 
o 

0 

I  O.OOOQOQO 

3 

0 

/ 

■ 

Infinkum. 

60 

u*'  i 

i 

64637260 

9-9999999 

6.4637260 

13.5362739 

59 

2 

6.7647560  1 

9.9999999 

6.7647561 

13.2352438 

58 

3 

6.9408473 

9-899999 8 

6.9408474 

13.0591525 

57 

4 

7.0657860 

9-9999997 

7.0657863 

12.9342136 

.56 

5 

7.1626959 

9.9999995 

7.1626964 

12.9373035 

55 

6 

7.2418771 
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9.8587561 

9.9800326 

9.9802856 

9.9805385 

9.9807914 

9.9810443 

1 

10.0199674 

10.0197144 

10.0194615 

10.0192086 

.10.0189557 

19 

l8 

17 

l6 

15 

9.8399323 

9.8400642 

9.8401959 

9.8403276 

9.8404593 

9.858-63  5 1 
9.8585141 

9. 8583929 
9.8582718 
9.8581505 

9.9812972 

9.9815501 

9.9818030 

9.9820559 

9.9823087 

10.0187028 

10.0184499 

IC.0181970 

10.0179441 

10.0176913 

13 

12 

1 1 

10 

9.8405908 

9.8407223 

9.8408537 

9.8409850 

9.8411162 

9.8580292 

9.8579078 

9.8577863 

9.8576648 

9.8575432 

9.9825616 

9.9828145 

9.9830673 

9.9833202 

9.9835730 

10,0174384 

10.0171855 

10.0169327 

10.0166798 

10.0164270 

9 

8 

7 

6 

5 

9.8412474 

9.8413785 

9.8415095 

9.8416404 

9.841 77 1 3 

9.8574215 

9.8572998 

9.8571779 

9.8570561 

9.8569341 

9.9838259 

9.9840787 

9.9843  3 1 5 
9-9845844 
9.9848372 

10.0161741 

10.0159213 

10.0156685 

IO.OI54i56 

IO.OI51628 

4 

3 

2 

1 

0 

M 

Sin .  46. 

K/f  rr>  m  m  fl 

Is *ng.  46. 

n  2 

V 


\ 


/ 


M 

1  Sin.  44. 

1 

1  • , 

Taag.  44. 

° 

'  9.8417713 

9.8569341 

9.9848372 

10.0151628 

60 

v 

i 

i 

9.8419021 

1  9.8568121 

9.985O9OO 

10.0149100 

59 

% 

9.8420328 

!  9.85669OO 

9.9853428 

10.0146572 

58 

3 

9.8421634 

9.8565678 

9*9855956 

10.0144044 

57 

4 

9.8422939 

9.8564455 

9.9858484 

10.01415 16 

56 

11  5; 

9.8424244 

9.8563232 

9*9861012 

1  10.0138988 

55 

6 

9.8425548 

9.8562008 

9.9.863  54O 

1 0.0 1 36460 

54 

7 

9.8426851 

9.856O784 

9.9866068 

10.01 33932 

J  r 

53 

8 

I  9.8 428154 

9.855955S 

9.986S596 

10.013 1404 

^  -J 

52. 

9 

9.8429456 

9.8558332 

9.9871123 

10.0128877 

10 

9.8430757 

9.8557106 

9.9873651 

10.0126349 

SO 

:>J  * 

1:1 

9.S432057 

9.8555878 

! 

9.9876179 

10.0123821 

49 

12 

9.8433356 

9.8554650!  1 

9.98787O6 

1 0.0 1 2 1294 

48 

13 

9.S434655 

9.8553421 

9.9881234 

1 0.0 1 18766 

47 

H 

9.8435953 

9.8552192 

9.9883761 

10.0116239 

46 

*5 

9.8437250 

- 

9.8550961 

9.9886289 

IO.OI  1371 1 

45 

i-6 

9.8438547 

9-8549730 

- 

9.988881 6 

10.0111184 

44 

*7 

9.8439842 

9.8548499 

9.9891344 

10.0108656 

43 

78 

9.8441137 

9.8547266 

9.9,893871 

10.0106129 

42 

1 9 

9.8442432 

9.8546033 

9^896399 

10.0103601 

41 

-20 

9.8443725 

9.8544799 

9.6898926 

10,0101074 

40 

21 

9.8445018 

9.8543564 

9.9901453 

10.0098547 

39 

22 

9.84463  10 

9.8542329 

9*990398f 

10.0096019 

38 

23 

9.8447601 

9.8541093 

9.9906508 

10.0093492 

37 

24 

9.8448891 

9.8539856 

9.990903  5 

10.0090965 

36 

25 

j 

9.8450181 

9.8538619 

9.9911562 

10.0088438 

3* 

26 

9.8451470 

9.8537381 

9*9914089 

10.0085911 

34 

27 

9.8452758 

9.8536142 

9.9916616 

10.0083584 

33 

28 

9.8454045 

9.8534902 

9.9919143 

10.0080857 

32 

29  j  9.8455332 

9.8533662 

9.9921670 

10.0078330 

3i 

30 

1 

9.8456618 

9.8532421 

9.9924197 

10.0075863 

30 

•57)1.  45. 

Tang.  45. 

*■  —f 

M 

M 

Sin*  44*  | 

30 

9.8456618 1 

1 

9.8457903 

9.8459187 

9.8460471: 

9.8461754 

9.8463036 1 

9.8532420 

31 

32 

33 

34 
l35 

9.8531178 

9.8529936 
9.8528693 
9.8527449 
9.8526204  , 

36 

37 

38 

39 

40 

9.8464317 
9.8465  5 98  . 

9.8466878 

9.8468157 

9.8469436 

9.8524958 
9.8523712 
9.8522465 
9.8521218 
9.85 19969 

1 41 

42 

43 

44 

45 

9.8470713 
9.847 1 99 1 
9.8473267 
9.8474542 
9.8475817 

9.8518720 
9.8517471 
i  9.8516220 

9.8514969 

9>85I37I7 

I  ting*  44** 

♦ 

9.9924197 

10.0075802 

30 

1 

9.9926724 
9.9929251 
9.993 1778 
9.9934305 
9.9936832 

10.0073275  1 
IO.OO7O748  1 
10.0068221 
IO.OO65694 
10.0063  167 

29 

28 

27 

26 

25 

9.9939359 

9.9941886 

9.9944412 

9.9946939 

9.9949466 

10.0060641 
IO.OO58I  14 
10.0055587 
10.0053060 

10.005053  3 

24 

23 

Is 

I  20 

9.995 1993 
9-9954520 
9.9957°47 

9-9959573 
,  9.9962100 

IO.OO48OO6 

10.0045480 

10.0042953 

j  10.0040426 

10.0037899. 

1 3 

i  17 
1  16 

l  x5 

46 

47 

48 

49 

50 

9.8477091 

9.8478364 

9.8479637 

9.8480909 

9.8482180 

9.8512464 
9.851121 1 

9.8509957 

9.8  508701 
9.8507446 

9.9964  627 

9.9967153 

9.9969680 

9.9972207 

9-997473  3 

7 

9.848345° 

9.8506190 

9.9977260 

>2 

9.8484720 

9.850493  3 

9.9979787 

53 

9.8485988 

9.8503675 

9.9982312 

54 

9.8487257 

9.8502416 

9.9984840 

.-J  1 

55 

9.8488524 

9.8501157 

9.9987367 

56 

9.8489790 

■ 

9.8499897 

9.9989893 

57 

9.8491056 

9.8498636 

9.9992420 

58 

9.8492221 

9.8497375 

9.9994946 

59 

9.8493586 

9.8496113 

1 9.9997473 

60 

9.8494850 

9,8494850 

1 0. OQOQOOO 

. 

,,  Sin,  45* 

■ 

10.003  5373 
10.0032846 
10.00303  ip 
10.0027793 

10.0025266 

10.0022739 
10.002021  3 
10.0017686 

10.0015159 

10.0012633 

!■  Min 

10.0010106 

10.0007579 

I00Q005053 

10.0002526 

10.0000090 

Tang.  45. 


H 
13 
12 
1 1 
10 


9 

8 


7 

6 


Jl 


4 

3 


1 

o 


J 


y.  * 


Ledtori  pra&icae  Mathcfcos  ftudioio,  S.  P. 


H  eundtm  quern  tabula  Sinuum  rettorum  &  Tangentium  ab  alii* 
edit <e  Jed  p  raxin  paulo  faciliorem  ;  Nam  tor  urn  multifile  at  imem 
per  additionemt  &  divifienem  ptr  fubtraftiontm  &  extra&ionem  radices 
quadrat*  per  bipartUionem  evitamus. 


Vt  ft  datis  tribus  lateribw  quaratur  angulot,  erit 
Z)t  Rtttangulum  fub  fintbus  crummy 


ad  quadratum  Radii  3 

It  a  Reftangulum  fob  ftnibus  femifumma  trium  laterumy  &  differentia 
inter  hanc  ftmifummam  &  Baftn , 

Ad  quadratum  Co-Jinn*  femianguli  qutfiti. 

m 

Vt  in  Triangulo  P  Z  S  ,  (reference  Polum>  Zenith  &  Solem )  datu 
Uterihuiy  P  S  gr.  70,  &  Z  P  gr.  38,  m.  30,  &  Z  S  gr.  40,  ft  queer atur 
angulus  P  Z  Sy  cujut  Bajis  eft  P  S :  fumma  later um  erit  gr,  148,  m.  30, 
[e  mi  fumma  gr,  74  m.  iy>  differentia  inter  femifummam  &  baftny  gr.  4, 

m.  iy. 

Hk  not  pro  quadrato  Radii  ponimus  2.00000000  Radii  duplunty  cut 


anghlm  quafttm  eft  gr.  1 50,  ni,  3,  f.  1 2.  • 


addimus  9.9833805  Sinum  gr«74,  m.  iy„ 
8.8698679  Sinum  gr.  4,  m.  14,  fjent 
38.8532484.  Delude  pro  reUangulo  divi- 
foreaddentes  9.7941495  Sinum  gr.  38,  m, 
30,  &  9.8080675  Sinum  %x.  40  facimus 
19.6022170,  &  auferimuse  38.8532484, 
it  a  reft  ant  19.2510314.  Horum  femijfis 
eft  9.6255157  Sinus  femianguli  externi  gr. 
24,  m.58,  f.24:  &  Co-fhws  femianguli  in¬ 
ter  ni  gr.  65*  in,  1,  f.  36  ,  &  prolnde  tot  us 

>  m#  3,  f.  1 2,  • 

*  i 


\ 


/ 


Quid  ft  quit  proSinthus  aufertndu  Mat  ter  urn  implement*  ad  Ra- 
dhm,  non  aliainiigekitfdtraZHone ;  Htfatert  potefi  ex  eoUatmi 


praxeos. 


Gr.  M. 
70  co 
58  30 

40  ©o 


14S  50 


74  XS 
04  1  5 


ao«ooo®ooo 

9*794' 49$ 
9,808067$ 

* 

> 

11058505 

.t9W*S 

19.602217© 

.  '  ■  t  • 

9.983  3805 
■  8.8(598679  , 
20.0000000' 

.  „  * 

v  ♦ 

•  .  t  v.  ,  „•  y  *  1  j 

$.9833805 

8.8698679 

38-.  85  31484 
19.2510314 

9^S1‘S7 

.  r  \ 

Gr.  M.  S* 

65  *  %6 

130  3  11 

19,1510314 

9.615515? 

49  $6  48 

Eademratloney  fed  majori  compendio  [olvmhtr  c&tera  qH&ri  folent 
In  Trian^nlis  fyhericis,  fine  ope  Secanthtm  aut  S Inunm  verf  ir*mf  ut  plnrfa 
bus  non  fit  opus  ant  praceptis  aut  exempli*. 

Idem  fidefideres  in  Triangula  reftilineis,  adjunge  nofiris  j4micl&  Cel - 
Ug<&  Henrici  Brigii  Logarithms*  Nam  ee  nitfmfir  fundament  eodm 
Mtimur  operandl  modo. 

Kaky  &  fi  hketibi  grata  ffflrlnty  pUr  a  a  nobis  In  hoc  gemro  txpeU 


FINIS. 


W 


••  » 


rE^c  CHiLiJves 

LOGARITHMS 

of  Abfolute  Numbers,  from  an 

Unite  to  Ten  thoufand. 


The  *Vfe  of  the  Caho n. 

THis  C<wo#hathlikeufcasthe  Tables  of  Right  Sines  and  Tan¬ 
gents  fct  forth  by  others,  but  the  Pra&ice  fomewhat  more  eafie. 
For  keeping  to  their  Rules,  and  working  by  thefe  Tables,  you 
may  ufe  Addition  infteadof  their  Multiplication,  and  Subtraction  in- 
ftcad  of  their  Divifion :  And  fo  refolve  all  Spherical  Triangles  without 
the  help  of  Secants  or  Verfed  Sines. 

The  like  may  be  done  for  the  Solution  of  right-lined  Triangles,  by 
help  of  the  Logarithms  of  my  old  Coliegue  and  worthy  Friend  Mr.Henrj 
Briggs  (10000  whereof  follow.)For  both  proceed  from  the  fame  ground, 
and  fo  require  the  fame  manner  ©f  work,  as  I  often  fhew  in  my  publick 
Ledures  in  Grefidm-CoDegc :  Where  I  reft  a  Friend  to  all  that  are  ftu- 
dious  of  Mathematical  Pradice, 


|Num.|  Logarithm. 

N  um  |  Logarithm. 

Num.|  Logarithm 

Num.j  Logarithm.  y 

1 

0.0000000 

36 

1.5563025 

.  7h 

11.8512563 

106 

2.02530581 

2 

0.3010300 

37 

r.5682017 

72 

1-8573325 

107 

2.0293838 

3 

0.4771212 

38 

M797836 

73 

1.8633228 

108 

2.0334237 

4 

0.6020600 

39 

f.3910646 

.  74 

r. 86923 17 

109 

2203  74265 1 

5 

0.6989700 

40 

1.6020600 

75 

r.  8750612 

IIQ 

2.0413927 

6 

0.7781512 

4i 

T. 6127838 

76 

r.  88081 36 

III 

2.0453230: 

7 

0.8450980 

’42 

r.6232493 

77 

1. 8864907 

1 12 

2. 0492180 

8 

0.9030900 

43 

T.63  34684 

78 

r. 8920946 

113 

2.0530784 

9  0.9542425 

i  44 

1.6434527 

79 

1.897627 1 

114 

2.05  69048 

'  10 

1. 0000000 

45 

1.6532125 

80 

1.9030900 

115 

2.0606978 

1 1 

r.0413927 

46 

r. 6627578 

81 

1.9084850 

I  16 

2.0644580 

12 

1.0791812 

47 

1.6720978 

82 

1:9138138 

11 7 

2.0681858 

13 

I.II39433 

48 

1.6812412 

83 

1.9190781 

1 18 

2.0718820 

1.1461280 

49 

r. 6901961 

84 

1.9242793 

119 

2.0755469 

r.  1760912 

50 

1.6989700 

85 

r.9294189 

12© 

-  - 

2.0791812 

1 6 

1.2041200 

51 

r. 7075702 

86 

'•9344984 

121 

2.0827854 

17 

1.2304489 

52 

1.7160033 

87 

1.9395192 

122 

2.0S63598 

18 

1.2552725 

53 

f.7242759 

88 

1.9444827 

123 

2.0899051 

19 

r-27^7536 

54 

'•7323937 

89 

1.9493900 

124 

2.0934217 

20 

1. 2010300 

55 

1.7403627 

90 

1.9542425 

125 

2.0969100 

21 

1.3222103 

I.748l880 

91 

'.9590414 

126 

2,~i  003  705 

Z2 

1.3424227 

57 

'•7558748 

92 

1.9637878 

127 

2.1038037 

23 

r.3617278 

58 

197634280 

93 

1.9684829 

128 

2.1072099 

24 

1.38021 12 

59 

1.7708520 

94 

1.973 1278 1 

129 

2.1 105897 

25 

,r.  3  979400 

60 

1.778X512 

95 

1.9777236 

130 

2.1139433 

26 

1.4149733 

6 1 

1.7853298- 

96 

1.98  22712 

131 

2.1172713 

27 

r.4313637 

62 

X.79239I7 

97 

1.9867717 

132 

2.1205739 

28 

1.4471580 

63 

1-7993405 

98 

T. 9912261 

133 

2.123  8516 

29 

1.4623980 

64 

I. 806l  800 

99 

'.99563  52 

134 

2.1271048 

*30 

r.4771212 

65 

1.8129133 

100 

2.0000000 

135 

2.1303337 

3  1 

r.4913627 

66 

1.8195439 

IOI( 

1.0043  213 

136 

2.1335389 

32 

r. 5051500 

67 

1.8260748 

102 

2.0o86002 

137 

2.1367205 

33 

1.5185139 

68 

I.8325O89 

103 

2.012  8372 

138 

2.1398791 

'  34 

1.5314789 

69 

I.838849I 

104 

2.01703  3  3 

139 

2.1430148 

35 

1.5440680 

70 

1.8450^80 

105 

2.021  1893 

140 

2.14612801 

N  n  n  n  n 


[Num.  i 

Logarithm . 

Numu  f  Logarithm- 

Num.j  Logarithm.  .J 

Num 

Logarithm. 

141  ; 

£.1492191 

176 

2.245  Si  26 

211  ; 

242824  1 

246 ; 

5.39093s1 

142  ; 

£.1522883 

177  : 

2.2479732 

212 

2.3263358 

247  ; 

£.3926969 

143  : 

£.1553360 

I78 

2.2504200 

213  : 

2.3283796 

248  : 

5-39445 1 7 

144 

1:1583625 

179 

2.2528530 

214 

3o*3  3041 3  8 

249  r 

-"961993 

145  : 

2.1613680 

l80 

2.2552725 , 

215 

2.3324384 

25°  : 

zo  979400 

146 

2.1643528 

l8l 

2.2576786  f 

216 

2.3  344 537  l 

251 

M 99673 7 

147 . 

2.1673173 

l82 

2.2600714 

217 

2.33645  97 

252 

2.4014005 

148 

2.1702617 

I83 

2.262451 1 

2l8 

2.3384565 1 

253 

2.403X205 

149 

2.173  1862  | 

1  84 

2.2648178 

Zip 

2.3404441 

254 

2.4048337 

150 

2.1760912  1 

I85 

2.2671717 

220 

2.3424226 

255 

2.4065402 

1 5 1 

2.1789769 

l86 

2.2695129 

221 

2.3443923 

256 

2,|082399 

152 

2.1818436 

l87 

2.2718416 

222 

2.3463530 

257 

2.40993  3 1 

J53 

2.^1846914 

l88 

2.2741578 

223 

2.3483048 

258 

2.41  I6I97 

J54 

2.1875207 

189; 

2.2764618  1 

224 

2.3502480 

259 

2.4132997 

1 155 

2.19033 17 

190 

2.2787536 1 

225 

2.3521825 

260 

2-4H9733 

1  156 

2.193  1246 

191 

2.28103  3  3 

226 

2.3541084 

261 

2^.166405 

157 

2.1958996 

192 

2.2833012 

227 

2.3560258 

262 

2,iJ.l830I3 

I  IJ8 

2.1986571 

193 

2.2855573 

228 

2.3579348 

263 

2. 41 99557 

159 

2.2013971 

194 

2.2878017 

229 

2.3598355 

264 

2.4216039 

160 

2.2041200 

1  195 

2.29OO346 

230 

2.3617278 

265 

2.4232459 

l6l 

2.2068258 

196 

2.292256I 

23* 

2.3636120 

266 

2.42488l6 

162 

2.20Q5  ISO 

197 

2.2944662 

232 

2.3654880 

2  67 

2.4265H2 

163 

2.21 21  876 

198 

2.2966652 

23  3 

2.3673559 

268 

2.4281348 

I64 

2.2148438 

1 99 

2.2988531 

234 

2.3692158 

269 

2.4297523 

I65 

2.2174839 

200 

2.3OIO3OO 

235 

2.3710678 

27O 

2.43 1 3637 

1 66 

2.220I08l 

201 

2.3031960 

1  23 1 

>  2.3729120 

271 

2.4329693 

167 

2.2227164 

202 

2.30535*3 

23/ 

2.3747483 

272 

2.4345689 

168 

2.2253093 

203 

2.3074960 

1  23$ 

£,2.3765770 

273 

2.4361626 

169 

2.2278867 

2Q4 

.  2.3Q96301 

235 

2.3783979 

274 

2.4377505 

17c 

2.23O4489 

205 

2.3117538 

24C 

>  2.3802112 

275 

2.4393327 

171 

2.2329961 

20£ 

>  2.3138672 

241 

2.3820170 

2jt 

>  2.4409091 

.172 

2.2355284 

203 

’2.3159703 

242 

2.3838153 

277 

2,4424797 

*73 

2.2380461 

20  i 

2,3180633 

.  243 

2.3856063 

27^ 

>  2.4440448 

2.2405492 

20( 

)  2.3201463 

245 

[  2.3873898 

273 

?  2.4456042 

175 

2.243038O 

21( 

512.32-22193 

24^ 

►  '2.3891660 

1  28c 

2.4471580 

Num-1  Logarithm” 


I.4487O63 

2.4502491 

2.4517864 

2.4535183 

2.4548448 


286 

287 

288 

289 

290 


291 

292 

293 

294 

295 


296 

297 

298 

299 

300 


2.4563660 

2.4578819 

?.4593  925 
2.4608978 
7.4623980 

7.4638930 

2.4653828 

2.4668676 

2.4683473 

2.4698220 


301 

302 

303 

304 

305 


306 

307 

308 

309 

310 


24712917 

2.4727564 

2.4742162 

2.4756712 

7.4771212 


2.4785665 

2.4800069 

7.4814426 

2.4828736 

2.4842998 


3«* 

312 

313 
3H 
315 


2.4857214 

2.4871384 

74885507 

2.48995  85  i 
7.4913617 
.  "  1  " 

2:4927604 

2. 494 1 546 

2.4955443 
2.4969296 
7.4983 105 


Numl  Logarithm. 

Nuni.i  Logarithm. 

Nuni.i  Logarithm. 

316 

2.4996871 

351 

2.5453071 

386 

2.58658  73. 

317 

1.5010593 

35  2 

2.5465426 

387 

2.5  877  no 

318 

2.5024271 

353 

2-5477747 

388 

2.5888317 

319 

j.5037907 

354 

2.5490033 

389 

2.5  899496 

320 

’.5051500 

355 

2.5502283 

390 

• 

2.5910646 

/ 

321 

2.5065050 

356 

2.55I45OO 

39> 

2.5921767 

322 

1.5078559 

357 

2.5526682 

392 

2.5932861 

323 

2.5092025 

358 

2.5538830  1 

393 

2.5943925 

324 

1.5105450 

359 

2.5550944 

394 

2.5954962 

325 

1.5118833 

360 

1.5563025 

395 

2.5965971 

326 

7.5I32I76 

361 

2.5575072 

396 

2.5976952 

327 

MH5477 

362 

7.5587086 

397 

2.5987905 

328 

7.5158738 

363 

2.5599O66 

398 

2.5998831 

329 

MI7I959 

364 

2.56I  1014 

399 

2.6009729 

330 

2.5185139 

365 

7.5622929 

400 

2.6020600 

331 

2.5198280 

366 

2.5634810 

401 

2.6031444 

332 

2.521  1381 

367 

2.564666I 

402 

2.6042260 

333 

2.5224442 

368 

2.5658478 

403 

2.6053050 

334 

2.5237464' 

369 

2.5670263 

404 

2.6063813 

335 

2.5250448 

370 

2.5682017 

405 

2.6074550 

336 

2.5263393 

37i 

1-5693739 

406 

2.6085260 

337 

2.5276299 

372 

2.5705429 

407 

2.6095944 

338 

2.5289167 

373 

2.57i7°88 

408 

2.6106602 

339 

2.5301997 

374 

2.5728716 

4°9 

2.6117233 

340 

2.5314789 

375 

2.57403 13  ■ 

410 

2.6127838 

34i 

M327544 

376 

2.5751878 

41 1 

2.6138418 

342 

7.5340261 

377 

'.5763413 

412 

2.6148972 

343 

2.5352941 

378 

2-57749r8 

413 

2.6159500 

344 

2.5365584 

379 

2.5786392 

414 

2.6F70003 

355 

1.5378J9I 

380 

2.5797836 

4i5 

2.6180481 

346 

2.5390761 

381 

-  1 

2.5809250 

416 

2,6190933 

347 

2.5403295 

'  382 

2.5820634 

4i7 

2.620136a 

348 

2.5415792 

3S3 

2-5  8  3 1988 

418 

2.621 1763 

349 

7.5428254 

384 

2.5843312 

419 

.2.6222140 

35° 

2.5440680 

385 

2.5854607 

.420*2.02  3  2493 

N  a  n  n  11  4 


t 


Num.  j 

Logarithm . 

Num.f 

Logarithm • 

Num. 

Logarithm. 

Num.f  Logarithm. 

421 

2.6242821 

456 

2.6589648 

491 . 

2.6910815 

526 

237209857 

422 

2.6253  124 

457 

2.6599162 

49 2 

2.69:9651 

527 

2.72l8l06 

,423 

2.6263403 

458 

2.6608655 

493 

2.6928469 

528 

2.7226339 

?  424 

2.6273657 

45  9 

2.6618127 

494 

2.6937269 

529 

2.72345571 

425 

2.6283889 

460 

2.6627578 

495 

2.6946052 

530 

2.7242759 

426 

2.6294096 

46l 

2:6637009 

496 

2.6954817 

531 

2.7250945  . 

427 

2.6304.279 

462 

2.6646420 

497 

2.6963564 

53  2 

2.7259116! 

^28 

2.63x4438 

463 

2.6655810 

498 

2.6972293 

533 

2.7267272 

429 

2.6324573 

464. 

2.6665180 

499 

2.6981005 

534 

2*7275412 

I  420 

2.6334684 

4^5 

2.6674529 

500 

2.6989700 

535 

2.7283538 

.  43  1 

2.6344773 

466 

2.668385  9 

1 

501 

2.6998377 

536 

• 

> 

2^7291648 

43 2 

2.6354837 

467 

2.6693  169 

5°2 

2.7007037 

537 

2.7299743 

!'  433 

2.6364879 

468 

2.6702458 

503 

2.7015680 

538 

2.7307823 

434 

2.6374897 

469 

2.671 1728 

5°4 

2.7024305 

539 

2.7315888 

,  435 

2.6384892 

470 

2.6720978 

505 

2.70329:4 

540 

2.7325937 

!  436 

2:6394865 

471  ■ 

2.6730209 

506 

2.7041505 

54i 

2.733i973 

1  437 

2.640.,  8  14 

472 

2.6739420 

507 

2.7050079 

542 

,2.73  39993 

*  +38 

2.6414741 

473 

2.674861 1 

508 

2.7058637 

543 

2.7347998 

i'  439 

2.6424645 

474 

2.6757783 

509 

2.7067178 

544 

2.7355989 

440 

2.6434527 

475 

2.6766936 

510 

2.7075702 

455 

2.7363965 

441 

2,6444386 

476 

2.6776069 

5*i 

> 

2.7084209 

546 

2.737I926 

442 

2.6454223 

477 

2.6785184 

512 

2.7092699 

547 

2.7379873 

443 

2.6464037 

478 

2.6794279 

5T3 

2.7101174 

548 

2.7387805 

444 

2:6473830 

479 

2.6803355 

5r4 

2.710963  1 

549 

2.7395723 

445 

2.6483600 

480 

2.6812412 

5X5 

2.7118072 

550 

2.7403627 

446 

2.6493348 

481 

2.6821451 

516 

2.7126497 

551 

2.7411516 

447 

2,6503075 

482 

2.6830470 

5J7 

I2.7134905 

552 

2.7419391 

448 

2.6512780 

483 

2.6839471 

518 

2.7143297 

553 

2.742725 1 

449 

2.6522463 

484 

2.6848453 

5T9 

2.7151673 

554 

2.7435098 

45  c 

2.6532125 

485 

2.6857417 

520 

2.7160033 

• 

555 

2.7442930 

45 1 

2.6541765 

486 

2.6866363 

S21 

2.71683  77 

55^ 

2.7450748 

452 

2.6551384 

487 

2.6875289 

522 

2.7176705 

557 

2.7458552 

453 

2.6560982 

488 

2.6884198 

523 

2.7185017 

55s 

2.7466342 

454 

.  2.6 570558 

489 

2.6893088 

524 

2.7I933I3 

55S 

2.74741  l8 

455 

2.6580114 

490 

2.69OI96I 

525 

2.7201593 

56C 

2.748l880 

■tr 


Natn'i  'UjSrichnt 

561  2.7489628 

562  2.7497363 

563  2.7505084 

564  2.7512791 

565  2.7520484 


,566 

,567 

568 

569 

.570 


2.7528164 
2.7535830 
2.7543483 
2.755 1 123 

2.7558748 


571 

572 

573 

574 
5751 


2.7566361 


576 

577 

578 

579 

580 


581 

582 

583 

584 

585 


586 

587 

588 

589 

I  59° 


.591 

592 

593 

594 

595 


2.7715875 


Num.T  Logarithm. 

Sum.?  Logarithm.  1 

Sum 4  Logarithm. 

596  2 

„7752462 

631  2 

.8000293 

666 ; 

i.8234742 

597  2 

-7759743 

632 .2 

.8007171 

667  ; 

£.8241258 

598  2 

t.7767012 

633  2 

,.8014037 

668 

2.8247765 

599  : 

>.7774268 

634  2 

,.8020892  l 

669 

2.8254261 

600  2 

1.7781512  j 

635  2 

>.8027737  1 

670 . 

2.8260748 

601 

2.7788745 

636  ; 

I 

’.8034571 

671 

2.8267225 

602 

2.7795965 

.637  ■ 

2.8041394 

672 

2.8273693 

603 

2.7803173 

638 

2.8048206 

673 

2.8280151 

4  604 

2.7810369 

639 . 

2.8O55OO8 

674 

2.8286599 

605 

2.7817554 

640 

2.80618OO 

<575 

2.8293038 

6061 

2.7824726 

641 

2.8068580 

676 

2.8299467 

607 

2.783  l887 

642 

2.8075350 

677 

2.8305887 

608 

2.7839O36 

643 

2.8082II0 

678 

2.83 12297 

609 

2.7846173 

644 

2.8088859 

679 

2.8318698 

6lO 

2.7853298 

645 

2.8095597 

680 

2.83250  89 

6ll 

2.7860412 

646 

2.8IO2325 

681 

2.8331471 

l  612 

2.78675H 

647 

2.8109043 

682 

2.83  37844 

^  61.3 

2.7874605 

648 

2.8ll5750 

683 

(2.8344207 

’  614 

27881684 

649 

2.8122447 

684 

2.8350561 

615 

2.788875I 

650 

2.812913  3 

685 

2.8356906 

[  616 

2.7895807 

651 

2.8l358lO 

686 

1 

1 2.8363241  f 

3  617 

2.7902851 

652 

2.8142476 

687 

2.8369567 

j  618 

27909885 

653 

2.8I49I32 

688 

2.8375884 

8  619 

2.79I69O6 

654 

2.8I-55777 

685 

2.8382192 

8  62c 

1.2.7923917 

655 

\ 

2.8l624I3 

69  c 

)  2.8388491 

6  621 

2793°9r6 

1  656 

2.8L69038 

69] 

2.8394780 

x  622 

27937904 

657 

r]2.8l72654 

69; 

>  2.8401061 

3>  623 

27944880 

65$ 

>!2.8r82259 

693 

2.8407332 

3  623 

2.7951846 

<555 

>  2.8l88854 

69- 

(.  2.8413595 

n  n  n 

0  625 

27958800 

66c 

>  2.8195439 

69; 

j  2.8410848 

■ 

5  62c 

2.7965743 

661 

2.8202014 

69c 

\  • 

5  2.8426092 

7  62/ 

7  2.7972675 

66; 

’  2.820858O 

1  69; 

7  2.8432328 

.7  62< 

2.7979596 

I  66; 

5  2.8215135 

69 

8  2.843B554 

>4  62* 

p  2.7986506 

1  66< 

4  2.8221681 

69 

9,2.8444772, 

>9  1  63* 

3  2.7993405 

1  66 

5  2.8228216 

I  70012.8450900I 

Num. 

Logarithm. 

Num  I  Logarithm. 

Num.j  Logarithm. 

Num.  T  Lofarithm. 

701 

2.8457180 

736 

i.8668778 

771 

2.8870544 

806 

6 

V© 

0 

Q\ 

m 

* 

:  702 

2.8463371 

737 

2.8674675 

772 

2.8876170 

807 

2.9068735 

,  7°3 

2.8469553 

738 

2.8680564 

773 

2.8881795 

808 

2.9074  U4 

704 

2.8475726 

739 

2.8686444 

774 

2.8887410 

809 

7.9079485 

705 

2.8481891 

740 

2.86923  I7 

775 

2.8893017 

810 

2.9084850 

706 

2.8488047 

741 

3.8698l82 

776 

2.8898617 

811 

2.9090208 

707 

2.8494194 

742 

2.87O4O39 

111 

2.8904210 

812 

2.9095560 

708 

2.8500332 

743 

2.87O9888 

778 

2.8909796 

813 

2.9100905 

709 

2.8506462 

744 

2.8715729 

779 

5.8915374- 

814 

2.9106244 

710 

2.8512583 

745 

2.8721563 

780 

2.8920946 

815 

2.9111576 

1  711 

2.8518696 

746 

2.8727388 

781 

7.8926510 

8:6 

2.91 16901 

712 

2.8524800 

747 

2.8733206 

782 

2.8932067 

817 

2.9122220 

713 

2.8530895 

748 

2.8739016 

783 

2.8937618 

818 

*.9127533 

I  7*4 

2.8536982 

749 

2.87448l8 

784 

2.8943  161 

819 

2.9132839 

[  715 

2.8543060 

750 

J.8750613 

785 

2.8948696 

820 

3.9138138 

716 

2.8549130 

751 

2.8756399 

786 

5.8954225 

821 

*•9143431 

717 

2.3555191 

75  2 

2.8762178 

787 

2.8959747 

822 

2.9148718 

718 

2.8561244 

753 

2.876795O 

788 

2.8965262 

823 

*•9153998 

719 

2.8567289 

754 

5.8773713 

789 

2.8970770 

824 

2.9159272 

I  720 

2.8573325 

755 

*.8779469 

790 

2.8976271 

825 

*.9164539 

721 

*•8579353 

756 

2.8785218 

791 

2.8981 765 

826 

2.9169800 

722 

2.8585372 

757 

*•8790959 

792 

2.8987252 

827 

*•9175055 

723 

5.8591383 

758 

2.8796692 

793 

2.8992732 

828 

2.9180303 

724 

5.8597387 

759 

2.8802418 

794 

2.8998205 

82  9 

2.9185545 

725 

2.8603380 

760 

2.8808136 

795 

2.9003671 

830 

2.9190781 

726 

2.8609366 

761 

2.8813846 

796 

2.90091 3 1 

831 

2.9196010 

727 

2.8615344 

762 

2.8819550 

797 

2.9014583 

832 

2.9201233 

*728 

2.8621314 

763 

a. 8825245 

798 

1:9020029 

833 

2.9206450 

729 

2.8627275 

764 

2.8830933 

799 

2.9025468 

834 

2.9211660 

730 

2.8633228 

765 

2.8836614 

800 

2.9030900 

835 

2.9216865^ 

;  731 

4.8639174 

7  66 

2.8842288 

801 

2.9036325 

836 

2.9222063 

1 732 

2.8645H  I 

767 

1.884795  3 

802 

2.9041744 

837 

2.9227254 

733 

2.8651041 

768 

2.8853612 

803 

2.9047155 

838 

3,9232440 

734 

2.8656960 

769 

2.8859263 

804 

1,9052560 

839 

2.9237620 

.  735 

2.8662873 

7r70 

2.8864907 

805 

2.9057959 

840 

2.9242793  j 

iNum.T  togarithm.  1 

Sum.f  Logarithm,  I 

Sutn.f  Logarithm.  [  1 

Sum. j  Logarithm .  J 

946  2 

947  2 

948  2 

949 1 2 
950  2 

.9758911 

.9763500 

.9768083 

,.9772662 

,.9777236' 

- 

'841 12 

842  2 

843  3 

844  2 

845 

846  : 

847 

848 

849 

850 

851 

852 
§53 

854 

855 

.9247960 
.9253X21  , 
.9258276  1 
i.9263424  1 

S.92685  67  1 

8762 

877  2 

878  2 

879  2 

8  So  2 

.7425041 

.9429996 

.9434945 

..9439889 

1.9444827 

911  2 

912  2 

9X3  3 

914  2 

915  2 

.9595x54 

•9599948 
.9604708 
.9609462 
^.961421 1 

1 

1.9273704 

2.9278834 

2.9283958 

2.9289077 

2.9294189 

881  : 
882 ; 
883  : 
884- 
885  . 

*•9449759 

s.9454686 

2.9459607 

2.9464523 
2.946943  3 

916  : 

917 

918 

919 

920 

>.9618955 

2.9623693 

2.9628427 

2.9633X55 

2.9637878 

951 2 
952 1 

953  * 

954  ; 

955  : 

►.9781805 

L.9786369 

L.9790929 

1.9795484 

1.9800034 

2.9299296 
2.9304396 
2.9309490 
2.93X45 79 
2.9319661 

886 

887 

888 

889 

890 

2  94743  37 

2.9479236 

2.9484130 

2.9489018 

2.9493900 

921 

922 

923 

924 

925 

2.9642596 

2.9647308 

2.9652017 

2.9656720 

2.9661417 

956 

957 

958 

959 

960 

2.9804579 

2.98091  19 
2.98l3655 
2.98l8l86 
2.9822712  . 

856 

857 

858 

859 

860 

2.9324738 

2.9329808 

2.9334873 

2.9339932 

2.9344984 

891 

892 

893 
_  894 

895 

896 

897 

898 

899 

900 

2.9493777 

2.9503648 

2.9508514 

2.9513375 

2.9518230 

926 

927 

928 

929 

930 

2.9666110 

2.9670797 

2.9675480 

2.9680157 

2.9684829 

961 

962 

9<53 

964 

965 

2.9827234 

2.9831750 

2.9836263 

2.984077b 

2.9845273 

861 

862 

863 

864 

865 

2.9350031 

2.9355073 

2.9360108 

■  2.9365137 

2.9370162 

2.9523080 

2.9527924 

2.9532763 

2.9537597 

2.9542425 

93  x 

932 

933 

934 

935 

936 

937 

938 

93  s 
94c 

2.9689497 

2.9694159 

2.9698816 
2.9703470 
2.97081 16 

966 

967 

968 

969 

970 

2.9849771! 

2.9854265 
2.9858753 
2.9863238 
2.9 8677X7 

86t 

867 

86£ 

86s 

87c 

2.9375  '79 
2.9380191 

2.9  385197 
2.9390198 

2.9395192 

Y.  ..  ... 

901 

902 

903 

904 

905 

2.9547248 

2.9552065 

2.9556877 

2.9561684 

2.9566486 

2.9712758 
2.97x7396 
2.9722028 
)  2.9726656 

2,9731278 

97  x 

972 

973 

974 

975 

2.9872192 
2.9876663 
2.9881128 
.  2.9885)89 
2.989OO46 

>  2*957X282 
2.9576073 
$  2.9580858 
2.9585639 
3  2.95904X4 

1  941 

94: 
94: 
94 
.1  94 

2.9735896 
2.9740509 
2.9745 1  ‘7 
412.974972= 
512.97543*8 

1  97<3 
97/ 
97s 
1  97< 
il  98' 

J 2.9894498 
2.9898946 

3  2,9903388 

?  2.9907827 

012^9912261 

87! 

87: 

87: 

87' 

87! 

2,9400181 
l  2.9405165 
5  2.9410142 

}■  2.94151 14 

5  2.942008c 

got 

907 

90$ 

9°  i 
>  91  < 

Num  .-[Logarithm* 

Num 

[Logarithm, 

Num.j  Logarithm. 

Num.  j  Logarithm, 

981 

2.991609:) 

1016 

3.0068937 

105  1 

3.0216027 

1086 

3.0358298 

982 

2.9921 115 

1017 

3.0073209 

1052 

3.0220157 

1087 

3.O362295 

983 

2.992553  s 

1018 

3.0077478 

1053 

3.O224284 

1088 

3.O366289 

98+ 

2.992995 1 

1019 

3.0081742 

1054 

3.0228406 

1089 

3.O370279 

985 

2.9934362 

1020 

3.0086002 

I055 

3.0232524 

IO90 

3.O374265 

986 

2.9938769 

1021 

3.0090  257 

1056 

3.0236639 

IO91 

3.0378247 

987 

2-9943 17 1 

1022 

3.0094509 

1057 

3.0240750 

IO92 

’.03  82226 

988 

2.9947569 

1023 

3.0098756 

1058 

3.0244857 

IO93 

3.0386201 

989 

2.995x963 

IO24 

3.01 02999 

1059 

3.0248960 

1094 

3.0390173 

990 

2.9956352 

1025 

3.0107239 

1060 

3.0253059 

1095 

3.0394141 

991 

2.9960736 

1026 

3.0111473 

1061 

3.0257154 

IO96 

3.0398105 

992 

2.9965117 

IO27 

3.0115704 

1 062 

3.0261245 

1097 

3.0402066 

993 

2.9969492 

1028 

3.01 1993  1 

1063 

3.0265333 

IO98 

3.0406023 

994 

2.9973  864 

1029 

3.0124154 

1064 

3.0269416 

1099 

3.0409977 

995 

2.997823  I 

1030 

3.0128372 

1065 

3.0273496 

1100 

3.0413927 

996 

2.9982593 

IO31 

3.0132587 

1066 

\ 

3.0277572 

I  IOI 

3.0417873 

997 

2.9986951 

IO32 

3.0136797 

1067 

3.028l644 

1102 

3.0421816 

!  998 

2.9991305 

1033 

3.0141003 

1068 

3.0285712 

IIO3' 

3.0425755 

1  999 

2.9995655 

1034 

3.0145205 

1069 

3.0289777 

IIO4 

3.0429691 

jiooo 

3.0000000 

1035 

3.0149403 

1070 

3.0293838 

IIO5 

3.0433623 

I1001 

3.0004341 

1036 

3.0153597 

1071 

3.0297895 

1106 

,3.0437551 

1002 

3.0008677 

1037 

3.0157787 

1072 

3.0301948 

1 107 

3.0441476 

1003 

3.0013009 

1038 

3.0161973 

1073 

3.0305997 

II08 

3.0445398 

IOO4 

3.0017337 

1039 

3.0166155 

1074 

3.0310043 

IIO9 

3.0449315 

1005 

3.002l66l 

1040 

3.0170333 

1075 

3.0314085 

II  JO 

3.0453230 

1006 

3.0025980 

1041 

3.0174507' 

1076 

3.03l8l24 

IIII 

3.0457140 

IOO7 

3.0030295 

1042 

3.0178677 

i°77 

3.03  22 1 57 

1 1 1 2 

3.0461048 

I008 

3.0034605 

1043 

3,0182843 

1078 

3.0326l88 

III3 

3.0464952 

1009 

3.0038912 

IQ44 

3.0187005 

1079 

3.0330214 

1 1 14 

3.0468852 

1010 

3.0043214 

1045 

3.0191163 

1080 

3.0334237 

III5 

3.0472749 

IOII 

3.00475 11 

1046 

3.0195317 

1  1081 

3.0338257 

1 1 16 

m  J 

3.0476642 

i1012 

3.0051805 

1047 

3.0199467 

1082 

3.0342273 

III7 

3.0480532 

1013 

3.0056094 

1048 

3.0203613 

IO83 

3.0346284 

IIl8 

3.O484418 

1014 

3.0060379 

1049 

3.0207755 

IO84 

3.0350293 

III9 

3.0488301 

101* 

3.CO6466O 

1050 

3.0211893 

10S5J  3.03  54297 

1120 

3.P49218O 

f 


|Num. 

Logarithm. 

Num'4  Logarithm. 

Num.j  Logarithm. 

I  I  21 

3.0490056 

1156 

3.0629578 

1191 

\O759i 15 

1122 

3.0499928 

ix57 

3.0633333 

1192 

3.O762762 

1123 

3.0503797 

1158 

3.0637085 

1193 

3.O766404 

,1134 

3.0507663 

1159 

3.0640834 

1194 

3.0770043 

linj 

3.0511525 

1 160 

13.0644580 

1195 

3.0773679 

> 

1126 

3.0515384 

1161 

3.0648322 

1 196 

3.0777312 

1127 

’.0519239 

1162 

3.0652061 

11 97 

3.O78094I 

1 1  2? 

3.0523091 

1163 

>.0655797 

1 198 

3.O784568 

1129 

3.0526939 

1164 

3.0659530 

1199 

7.0788192 

1130 

3.0530784 

1165 

3.0663259 

1200 

3.0791812 

1 1  21 

3.05  34626 

1 166 

3.0666985 

1201 

3.0795430 

1122 

3.05  38464 

11 67 

3.0670708 

1202 

3.0799045 

1 123 

j.0542299 

1168 

7.0674428 

1203 

3.0802656 

1 1 34 

3.05461  30 

1169 

3.0678145 

1204 

3.0806265 

U?5 

3.0549958 

1170 

3.0681859 

1205 

3.0809870 

1136 

?.°5537S3 

1 171 

3.0685569 

A 

1206 

3.0813473 

1 1 37 

3.0557604 

1172 

3.0689276 

1207 

3.0817073 

1 1 38 

3.0561423 

1173 

3.0692980 

*1208 

4  3.0820669 

11  39 

3.0565237 

Ir74 

3.0696681 

1209 

3.0824263 

1140 

3.O569O48 

H75 

3.0700379 

1210 

3.0847854 

1141 

3.0572836 

I  I76 

3.0704073 

k 

I2*1 

3.0831441 

1 142 

3.0576661 

1177 

3.0707765 

1212 

3.0835026 

1143 

3.0580462 

II78 

3.0711453 

1213 

3.0838608 

1144 

2.O58426O 

1179 

3.0715138 

1214 

3.0842187 

1145 

3.0588055 

Il80 

3.0718820 

1215 

3.0845763 

*146 

3.059l8_46 

1 1 8 1 

3.0722799 

I2i6 

3.0849336 

1147 

3.0595634 

1182 

3.0726175 

1217 

3.0852906 

1 148 

3-°5994T9 

1183 

7.0*729847 

I2i8 

>.0856473 

1 140' 3.0603200 

1184 

?.o  7335*7 

1219 

3.0860037 

1150 

3.0606978 

1185 

3.073718? 

1220 

7.0863598 

1 1 5 1 

'.0610753 

1182 

3.0740847 

1221 

3.0867156 

1 152 

3.06^4525 

1  87 

?-07445°7‘ 

12,22 

3.0870712 

1  t  s'  3 

2.0618293 

1188 

3.O748164 

l  1^3 

3.0874264 

rij4 

3.0622058 

1 189 

3.O751818 

1  1224 

3.0877814 

TI« 

3.0625820 

r  190 

3.0755470 

1  1225 

3.0887  361 

O  00  0  0 

Num 

Logarithm 

1220 

1227 

1228 

1229 

1230 

.'.0884905 

3.0888446 

3.08919S4I 

’.0895519! 

3.08990  53 

1231 

1232 

1233 

1234 

1235 

*.09025  80 
3.0906107 
3.090963  I 
3.0913151 
3.0916669^ 

1236 

1237 

1238 

1239 

1240 

3.0920155 
3.O923696 
7.09272c  6 
3.0930712 
3.0934217 

1241 

1242 

1243 
r244 
}  245 

1246 

1247 

1248 

1249 

1250 

3.0937718 

3.09412,6 

3.0944711 

3.0948204 

3.095169? 

3.0955180 

3.0958664 

3.0962146 

3.0965624 

3.0969100 

1251 

1252 

1253 

1254 

1255 

■3.0972573 
3.0976043 
3.09795 1 1 
3.0982975 
3.0986437 

1256 

1257 

1258 

T259 

1260 

3.0989896 
^0993 3 53 
3.0996806 
3.1000257 
3.1003705 

Num  | 

Logarithm. 

N  utn  |  Logarithm. 

Num.j 

Logarithm 

Num.|  Logarithm. 

1261 

MOO7151 

1296 

5.1 126050 

1331 

$.1241780 

1366 

5.1354507 

1262 

MOIO593 

1297 

1*\  129400 

1332 

3.1245042 

1367 

M357685 

1263 

3,101403  3 

1298 

3.1132747 1 

1333 

M 2483OI 

1368 

3.1360861 

1264 

‘.1017471 

1299 

3.x  136091 

1334 

.1251558 

1369 

3.1364034 

T265  1 

3. 1020905 

1300 

•Ml  3943  3 

1 3  3  5 

3.12548x3 

1370 

>1367206 

1 1 266 

3,1024337 

1301 

3.1 142773 

1336 

.1258064 

1  37 1 

3.1-370374 

126/1 

3.1  027766 

1302 

-M  1 46 1  1 0 

1337 

1.1261  3  14 

1372 

7.1373541- 

1268 

3.IO3TI92 

1303 

M I49444 

1338 

-.1264561 

1 373 

3.1376705 

12  69 

M034616 

1304 

M 152776 

1339 

?. 1267806 

1374 

3.1379867 

127O 

M038037 

130) 

• 

3.1 156105 

1340 

3.1271048 

1375 

3.1383027 

IZyi 

3.10^1455 

1306 

3.1 159432 

1341 

M274288 

1376 

3.1386184 

1272 

3.1044871 

1307 

?.  1 162756 

1342 

5.1277525 

13  77 

7.1389334 

!  1273 

3.1048284 

1308 

3,1  166077 

1343 

3.1 280760 

1378 

3.1392492 

1274 

3.1051694 

1309 

?. 1169396 

1344 

3.1283993 

1379 

3.1395643 

1275 

3.1055102 

1310 

3.1172713 

1345 

3.1287223 

1380 

3.1398791 

i  1276 

3,1058507 

13  II 

3.1 176027 

1346 

3.1290450 

1381 

3.1401937 

1277 

3.1061909 

r3i2 

3.1179338 

1347 

7.1293678 

1382 

M 405 080 

I  278 

1065308 

1313 

3.1182647' 

1348 

3.1296899 

1 383, 

3.1408222 

I  279 

3.1068705 

1314 

7.1185954 

1349 

3.1300119 

1384 

3.141136-1 

T28o 

3.1072100 

1315 

f?.i  189257 

1350 

7.1303338 

1385 

3.1414498 

I28i 

3.1075491 

1316 

3.1192559 

1 3  5 1 

3.1306553 

1386 

3.1417632 

1282 

3 1078880 

1317 

3.1195858 

1352 

3.1309767 

1387 

3.1420765 

1283 

3.1082266 

1318 

3.1199154 

1353 

3.1312978 

1388 

3.1423895 

1284 

3.1085650 

9319 

3.1202448 

x354 

1.13161  87 

1389 

3.T427022 

1285 

3.1089031 

1320 

.1205739 

1 3  55 

?.I3  19393 

1390 

3.I43OI48 

1206 

!  3.1092410 

I  321 

3,1209028 

1356 

M3  22597 

1391 

M4332.71 

1287 

3.1095785 

1322 

3.1212314 

1 3  5  7 

3.1325798 

1392 

3.1436392 

1288 

'.1099159 

>7323 

3.1215598 

1358 

3.13  28998 

1393 

3.1439511 

1289 

3.1 102529 

1324 

3.1218880 

13s  9 

7.1332195 

1394 

3.1442628 

I29C 

3.1x05897 

1  1325 

?.I222 1 59 

1360 

3-1335389 

1395 

5.1445742 

1201 

3,1109262 

132(5 

^.1225435 

1361 

3.1338581 

1396 

3.1448854 

1202!?. II 12625 

1327 

r  3.I2287O9 

7362 

3.I34I771 

1397 

3.1451964 

1293 

3.1115985 

132S 

\  3.1231980 

1363 

3.1344958 

1398 

3.1455071 

1204 

f.  3.1119343 

1325 

3.1235250 

1 364 

3.1348144 

1399 

3.1458177 

1295 

3.1122698 

I33C 

>  3.I238516 

1365 

7.1351326 

1400 

3.1461280 

Num. 

Logarithm. 

Num.f  Logarithm. 

140 1 

*.1464361 

1436 

3.i57J544 

1402 

3.1467480 

1 4-3  7 

3.1574568 

1403 

5.1470577 

1438 

3.1577589 

1404 

3.1473671 

x439 

M580608 

x4°5 

?.  I476763 

1440 

?.I583625 

1406 

3.1479833 

H41 

3.I58664O 

1407 

’.I48294I 

x442 

5.1589653 

1 1408’ 

3.I486026 

x443 

3.1592663 

1409 

3.14891 10 

x444 

3.1595672 

1  1 
1410 

7.1492191 

x445 

t 

7.1598 678 

141 1 

3-x49527° 

14^.6 

3.I6OI685 

1412 

3.1498347 

1447 

3.1604685 

1413 

3.1501422 

1448 

7.I607686 

1414 

3.1504494 

x449 

3.1610684 

1415 

3.1507564 

x45° 

3.1613680 

* 

1416 

3.1510632 

1451 

3.I6I6674 

1417 

3.1513698 

x452 

3.1  6I9666 

1418 

3.15 16762 

14531 

?.  1622656 

1419 

3.1519824 

x454 

3.1625644 

142© 

,’.1522883 

x455 

3.1628630 

1421 

3.1525941 

1456 

3.163  1614 

1422 

3.1528996 

1457 

3.1634595  j 

1423 

3.1532049 

1458 

3-J637575  1 

1424 

M535I00 

1459 

3.1640553 

1425 

9.1538149 

1460 

3.1643528 

1426 

3.1541 195 

1461 

3^1646503 

1427 

1 544240 

1462 

3.1649474 

1428 

3.1547282 

1463 

3.1652443 

1429 

3.1550322 

1464 

3.1655411 

1430 

3.1553360 

1465 

3.I658376 

1431 

^.1556396 

1466 

7..I66I34O 

I432 

3.1559430 

1467 

3.1664301 

143  3 

7.1562462 

1468 

3.1667260 

1434 

3.1565491 

1469 

3.l6702l8 

'435 

5.1 5685 19 

r47° 

3.1673173 

Num.j  Logarithm. 

1471  7.1676127 

1472  3. 1679078 

1473  3.1682027 

1474  3. 1 684975 

1475  3*i68;/920 


1476 

x477 

1478 

T479 

1480 


1481 

1482 

1483 

1484 

1485 


1486 

1487 

1488 

1489 

1490 


1491 

1492 

H93 

1494 


3.1690863 
V  693805 
.1696744 
3.1699682 
3.1702617 


3.1705550 
3.1708482 
3.17 1 141 1 

3-r7I43  39 

3.1717264 


3.1720188 

3.1723110 

3.1726029 

3.1728947 

3.1731863 

M734776 

3.1737688 

7.1740598 

3.1743506 


1495*3.1746412 


1496 

1497 

1498 

1499 

1500 

1501 

1502 

1503 

1504 


3.1749316 

3.1752218 

3-i755ii8 
3.1758016 
3.176091 3 


3.1763807 
3.1 766699 
3.176959° 

3.1772478 
!5°5  3-I775365 


O  o  0  o  o  2 


Num  j  Logarithm 

1506  3. 1 7782.5 O* 

1507  3.I781132 

1508  3.1784013 

1509  3.1786892 

1510  3 .1789769 


1511  21792645 

1512  3.17955 J8 

15 1 3  M798389 

1514  3.1801259 

1515  3.1804126 


1516  3.1806992 

1517  3.1809852 

1518  3.1812718 

1519  3-1815578 

1520  3.1818436 


1521  3.1821292 

1522  3.1824146 

1523  3.1826999 

1524  3.1829850 

1525  3.1832698 


1526  3.1835545 

x527  3.1838390 

1528  3.1841233 

1529  3.1844075 

1530  3.1846914 


1531  3.1849752 

1532  3.185258s1 

r53  3  3-1855421 

1534  3.1858253 

1535  3.1861084 


1536  3.1863912. 

1537  3.1866739 

1538  3.1869563 

x539  3*l872366 

1540  3.1875207 


j  N  urn  I 

Logarithm. 

N  um  j  Logarithm. 

Num .  1 

Logarithm 

Num.j  Logarithm. 

1 1  5  4 1 

4 1 5/  8026 

1 5/0 

M9/  5  502 

IOJ  I 

**"u/  995  5 

1 646 

3. 2  1 642*9 8 

1542 

■.1880844 

‘577 

3.19783  7  , 

1612 

■.2073650 

1 64/ 

7.2166936 

1 1 543 

3.1883659 

1578 

7.I981O7O 

1613 

'•*076344 

1648 

3.2169572 

j 1 544 

M 886473 

*579 

3.1983821 

1614 

.2079035 

*649 

3.2172200* 

|I545 

3.1889285 

1580 

'.1986)71 

1615 

3.2081725 

16501 

3.2174839 

IJ46 

3.1892095  j 

I58i 

\ 

3.19893  19 

1616 

\20S4414 

165  1 

?-2  *77471 

1547 

3.189  4903 

1582 

7.1  9920&5 

1 6  r  7 

'.2087100 

1652 

7.2180100] 

1548 

3.1897709 

1583J 

’.  1994809 

1618 

3.2089785 

1653 

3.21  8272.8 

1549 

7.19065 14 

1584 

M997552 

1619 

3.2092468 

1654 

3.2185355 

155° 

’•190331 7 

1585 

3.2000293  ; 

1620 

'.2095150 

1655 

3.2187980 

ijyi 

3. 1906 1 18 

1586 

1 

3.2003032 

l62li 

3.2097830 

1656 

3.2I9O6O3 

1552 

3.T908917 

1587 

7.2005  769 

1622 

7.2100508 

1657 

7.219322) 

1553 

3.1911714 

-*1588 

7.2008505 

1623 

7.2103  185 

1 658 

3.2195845 

1554 

3.19145 10 

I589 

7.201  1239 

1624 

7.2105860 

1659 

3.2I98464 

1535 

3.1917304 

1590 

3.20I3971 

1625. 

3.2108534 

1660 

3.2.2OIO8I 

*55<> 

M920096 

1591 

3.2016702 

1626 

\2 III 205 

1661 

3.2203696 

1*557 

3.1922886 

1592 

3.201943 1 

1627 

3.2113876 

1662 

7.22063  10 

1558 

?.  1925674 

1593 

3.20221 58 

1628 

7.21  16544 

1663 

3.2208921 

1*559 

3.1928461 

*594 

3.2024883 

1629 

7.21 1921 1 

1664 

3.2211533 

j  1 56° 

3.193 1246 

1595 

3.2027607 

1630 

3.2121876 

i 

1665 

7.22  14142 

I56I 

3.1934029 

1596 

$.2030329 

163 1 

7.2124540 

1 666 

?.22r6750 

1562 

3.1936810 

T597 

3.2033049 

1632 

7.2127201 

1667 

7.22I9356 

1563 

*93959° 

1598 

$.2035768 

1633 

3.2T29862 

1668 

7.2221960 

1564 

".1942367 

*5  99 

3.2038485 

1634 

’.2I3252I 

1669 

3.2224563 

1565 

3  *945*43 

1600 

’.2041200 

1635 

3.2135*78 

1670 

3.2227165 

1566 

?**9479*7 

l60I 

3.2043913 

1636 

'.2137833 

1671 

7.2229764 

{1567 

3.T950690 

1602 

3.2046625 

1637 

7.21404 87 

1672 

3. 2232363 

1568 

\r953460 

1603 

3.2049335 

1638 

3.2143139 

1673 

.3.2234959 

1569 

7.1956229 

1604 

3.2052044 

1639 

'.2145789 

1674 

5-2237555 

*57° 

3.1958996 

1605 

7.2054750 

164c 

I 

3.2148438 

1675 

7.2240148 

1571 

7.T961762 

1606 

$.2057455 

I 

1641 

3.2151086 

1 676 

7,2242740 

1572 

3.1964525 

1607 

3.2060159 

1642 

3.2153732 

1677 

3.2245331 

1573 

3^967287 

I  60S 

3.2062869 

1643 

3.2156376 

1678 

3.2247920 

i  >74 

7.1970047 

1605 

3.2065560 

1644 

3.2159018 

1679 

3.2250507 

1  >75 

3.1972806 

l6lC 

'  3.2068259 

1645 

3.216I659 

1680 

3.2253093 

Nam. i  Logarithm.  I* 

1681  5 

[.225567  7  1 

7682 

[.2258260  r 

1683 

'.2260841  1 

1684 

j.2263421  1 

1685 

5.2265  999  1 

r  686 

3.2268576  1 

1687 

'.2271151  1 

1688 

3.2273724  1 

1689 

3.2276296  i 

1690 

3.2278867 

/ 

1691 

— 

[.2281436 

1692 

3.2284004 

1693 

3.2286570 

1694 

3.2289134 

1695 

3.2291697 

1696 

3.2294258 

1697 

3.2296818 

1698 

5.2299377 

1699 

3.2301934 

1700 

3.2304489 

1701 

3.2307043 

1702 

3.2309596 

1703 

3.23  12146 

1704 

3.2314  696 

1705 

3.2317244 

1706 

3.2319790 

1707 

3.2322335 

1708 

3.23  24879 

1709 

3.2327421 

171c 

[.2329961 

1 7ri 

3.2332500 

1712 

5.2335038 

1713 

3-2337574 

17M 

J 

. 

O 

O 

CO 

1715 

1^.2342641 

Num.;  Logarithm 


J-234JI73 


5.2347703 


3.2350232 

/I9i3--35-759 


1720 


172  I 


5.235528 


T 


357809 
5.2360331 
7.2362853 
3.2365373 
3.2367891 


Num.y  Logarithm. 


1751 

x752 
1753 
r  7  5  4 


3.2432861 

?»243534I 

3^437819 

?.2440296 


N  um .  |  Logarithm , 


1786  3.25 18815 


T  755 !>244277 1 


1787 

1788 

1789 


3.2521246 

3.2523675 

3.2526103 


1790  3.252853c 


1756 

'757 

1758 

<759 

I76O 


2-7 
1628 


1629 

1630 


^  •  — > * 


163 1 

1632 

1633 

1634 

1635 


370408 
3.2372923 

3—3754-37 

[.2377950 

3.238046J 


3.2445245 

3.2447718 

3.2450189 

3.2452658 

5.2455127 


1636 

1637 

1638 

1639 

1640 


3.2382971 

’.2385479 

J.23879S6 

3.2390491 

3.2392995 


1761 

1762 

1763 

1764 

1765 


3-2457593 

?.2460059 

3.2462523 

3.2464986 

3.2467447 


*766 

1767 


1768 


1769 


1770 


1641 

1642 
T643 

1644 

1645 


3-2595497 

3.2397998 

3.2400498 

3.2402996 

3.2405492 


1771 

1772 
>773 
‘774 
1775 


3.2469907 
3.2472365 
3.2474823 
?.  2477278 
-2479733 


?  "7 


482186 


3_2zl 


1646 

1647 

1648 

1649 


3.2407988 
?.  2410481 
3.2412974 
3.2415465 

?.24'7954 


3.2- 


1791 

3.2530956 

1792 

3.2533380 

'793 

• 

UJ 

CO 

O 

*794 

3.2538224 

5  795 

3 .254064) 

1796 

3.2543063I 

1797 

3.2545481 

1798 

3.2547897 

*799  3-25503  12 

'  180013.2552725 

1  801 

: 

3.2555 137 

1  802 

3.2557548 

1803 

3.2559957 

1804 

3.2562365 

1805 

3.2564772 

1806 

3.2567177 

1807 

13.25695.82 

1808 

3.2571984 

1809 

3.2574386 

1 8 1  c 

3.25767861 

1776 

1777 


3.2494430 

3.2496874 


778  5.2499318 


3.2579^4 

3.2581582 

3.258  3  97  & 


x779 

1780 


3.2501759 

3.2504200 


1586373 


3.2420442 

3.2422929 

3.2425413 

3.2427898 


1781 

1782 
178.3 

1784 


i6501?.243038g 


3.2506636 

^250 9077 
3.25 1 1 51 3  i 
3.2513948 


Nu.m,  {Logarithm. 

Num. 

\  Logarithm. 

Num. 

f  Logarithm. 

Num. 

[  Logarithm. 

1821 

3.2603099 

1856 

3.2685780 

1891 

13.2766915 

1926 

3.2846563 

1822 

3.2605484 

1857 

3.2688119 

1892 

3.276921 1 

1927 

3.2848817 

1823 

\2607867 

1858 

3.  *9045  7 

1893 

3.2771506 

1928 

3.285107c 

1824 

3,2610248 

1859 

3.2692794 

1894 

3.2773800 

19^9 

3.2853322 

1825 

3.2612629 

i860 

3.2695  29 

1895 

3.2776092 

1930 

3-2855573 

1826 

3.2615008 

1861 

3.2697464 

1896 

3.2778383 

1931 

3.28 57823 

1827 

>.2617383 

1862 

>.2699797 

1897 

3.2780673 

1  932 

3.2860071  j 

"1828 

3.2619762 

1863 

2.2702128 

1 898 

3.2782962 

193  3 

3.2862318 

1829 

3.2622137 

1864 

3.270445  9 

1899 

3.2785,250 

*934 

3.2864565 

1830 

3.262451  r 

1865 

3.2706788 

1900 

3.2783536 

1935 

3.28668lO 

11831 

3.2626883 

1866 

3.2709116 

r90i 

3.2789821 

1936 

3.2869054 

1832 

3.2629255 

1867 

3.271 1443  ,  1902 

?. 2792105 

1937 

3.2871296 

1833 

>.2631623 

1868 

3.2713769 

1903 

3.2794388 

1938 

3.2873538 

1834 

3.263  3993 

1869 

3.2716093 

1904 

3.2796669 

*939 

3.2875778 

1833 

3.2636361 

1870 

3.2718416 

1905 

3.2798950 

1940 

3.2878OI7 

1836 

3.2638727 

1871 

3.2720738 

*906 

3.2801229 

*94* 

3.2880255 

1837 

7.264 1092 

1872 

3.2723058 

1907 

3.2803507 

1942 

3.2882492 

1838 

3.2643435 

1873 

3.2725378 

1908 

.2805784 

'943 

3.2884728 

1839 

3.2645S17 

1874 

3.2727696 

1909 

3.2808059 

*944 

3.2886963 

1840 

$.2648178 

1875 

3.2730013 

1910 

3.2810034 

*945 

3.2889I96 

1841 

3.2650538 

1876 

3.2732328 

1911 

3.2812607 

1946 

3.289I428 

1842 

3.2652896 

1877 

3.2734643 

1912 

3.2814879 

1947 

3.2893659 

1843 

3.2635253 

1878 

3.2736936 

1913 

3.2817150 

1948 

3.2895889 

1844 

3.2657609 

1879 

3.2739268 

r9H 

3.281941 9 

f949 

3.2898U8 

1845 

3.2659964 

1  880 

3.2741578 

1915 

3.2821688 

1950 

3.2900346 

1846 

3.26623 17 

1881 

3.2743888 

1916 

7.2823955 

1951 

3.2902573 

1847 

3.2664669 

1882 

?. 2746196 

1917 

3.2826221 

1952 

3.2904798 

1848 

\2667020 

1883 

3.2748503 

1918 

3.2828486 

*9)3 

3.2907022 

1849 

3.2669369 

1884 

7.2750809 

1919 

3.2830750 

*954 

3*2909246 

1850 

7.2671^7 

1885 

3.275  3 1 13 

1920 

?.  2833012 

.  1 

1 95  5 

. 

3.291  I468 

1851 

3^2674064 - 

1886 

?*27554i7 

1 921 

3.2835274 

1956 

3.2913688 

1852 

3.2676410 

1887 

3.2757719 

1922 

3.2837534 

■957 

3.2915908 

1833 

3.2678754 

1888 

3.2760020 

1923 

3.2839793 

1958 

3.29l8l27 

1834 

3.268*1097 

1889 

3.2762320 

1924 

3.2842051 

1959 

3,2920344 

1833 

3.2683439 

1890I 

3,2764618 

1925 

7.2844307 

I960 

3.2922561 

Num.j  Logarithm, 

Num  ][  Logarithm, 

196'! 

1962 

1963 

1 1 964 
r  965 1 

5.2924776 

5.2926990 

3.2929203 

3.293*4*5 

3.293  3626 

1996  ; 

1997 

1998 

1999 
300©  1 

5.3OOI605 

5.3OO3781 

3.3005955 

3.3008128 

5.3OIO3OO 

1 966 
[967 

1 1968 

1969 

1970 

—r~ — • 

9  71' 

1972 

1973 
*974 
*975 

3-293*835 

3.2938041 

3.2940251 

3.29424f7 

3.2944662 

2001 

2C02 

2003' 

2004 

2005 

3.3012471 

3.3OI464I 

3.3016809 

3.3018977 

3.3021144 

3.2946866 

3.2949069 

3.2951271 

3-2953471 

3.2955671 

2006 

2007 

2008 

2009 

20X0 

3.7*023309 

3.3025474 

3.3027637 

3.3029799 

3.3031961 

1976 

'977 

1978 

1 979 

1980 

3.2957869 

3.2960067 

3.2962263 

3.2964458 

3.2966652 

201 1 

2012 

2013 
2014 
22 15 

3.3034121 

3.3036280 

3.3038438 

3.3040595 

3.3042751 

1981 

1982 

1983 

1984 

1985 

I  986) 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

3.2968845 

3.2971036 

3.2973227 

3.2975417 

3.2977605 

2016 

2017 

2018 

20*9 

2020 

,3-3044905 

3.3047059 

3.3049212 

3.3051363 

3-3053514 

3.2979792 

3.2981979 

3.2984I64 

3.2986348 

3.2988531 

2021 

2022 

2023 

2024 

2025 

3.3055  663 
3.3057812 

3.3059959 

3.3062105 

3.3064250 

3.2990713 

3.2992893 

3.2995073 

3.2997251 

3.2999429 

2026 

2027 

2028 

2029 

2030 

3.5066394 

3.3068537 

3.3070679 

3.3072820 

3.3074960 

J 


Num.j  Logarithm. 

2031 

2032 

2033 

2034 

2035 

3.3077099 

3.3079237 

3.3081374 

3.3083509 

3.3085644 

2036 

2037 

2038 

2039 

2040 

3.3087778 

3.3089910 

3.3092042 

3.3094172 

3.3096302 

2041 

2042 

2043 

2044 

2045 

3.3098430 
3.3100557 
3.3  102684 
3.3104809 
3.3106933 

2046 

2047 

2048 

2049 

2050 

2051 

2052 

2053 

2054 

2055 

3.3  109056 
5.3 1 1 1 178 
3.3*  13299 
3.3  1 15420 

3.3  1*7539 

3.3119657 

3.3121774 

3.3123889 
3.3 126004 
3.3128118 

2056 

2057 

2058 

2059 

2060 

3.3  13023 1 
3.3*32343 
3.3134454 

3.3136563 

3.3 138672 

2061 

2062 

2063 

2064 

2065 

3.3  140780 
3.3  142887 
3.3*44992 
3.3147097 
I3.3 149200 

Num.J  L efariibm. 

2066  3.315*303 

2067  3.3153405 

2068  3.3155505 

2069  3.3*57605 

2070  3.3*59703 


2071  3,3161801 

207 2  3.3  163897 

2073  3.3165993 

2074  3.3  *68087 

2075  3.3 170181 


2076  3*3  *72273 

2077  3.3*74365 

2078  3.3176455 

2079  3.3178545 

2080  3.3 180633 


2981  3.3182721 

2082  3.3184807 

2083  3.31 86893 [ 

2084  3.3 188977 

2085  3.3191061. 


2086  3.3193143 

2087  3.3195224 

2088  3.3197305 

2089  3.3*99384 
2090.3.3201463 


,2091  3.3203540 

2092  3.3205617 

2093  3.3207692 

2094  3.3209767 

2095  3 *3  2 11  84c  ' 

2096  3.32T39I3 

2097  3.3215984 

2098  3.3218055 

2099  3.3220 124 
210013. 3222193 


Nuni. 

I  Logarithm. 

Num  1  Logarithm. 

Num.j  Logarithm. 

Num.j  Logarithm. 

- 1 0  I 

3.3224260  j 

,2136 

3.3296012 

‘217I 

3.3366598 

2206 

3.3+30055 

2102 

3.3226327 

2137 

3.3298045 

21 72 

3.3368598 

2207 

3.3438023 

2103 

3.3228393 

2138 

3.33OOO77 

2173 

3.3  370597 

2208 

3.3439991 

2IO4 

3.3230457 

2139 

3.3302108 

2174 

3-3372595 

2209 

3.3441957 

2IO5 

3.3232521 

2140 

3.3304138 

2175 

3-3374593 

2210 

3.3443923 

2106 

3.3234584 

2141 

3.3306167 

1  2170 

3-3376589 

221 1 

3.3445887 

2IO7 

3.3236645 

2142 

3.3308195 

2177 

3.3378584 

2212 

3-3447851 

.2108 

3.3238706 

2143 

3.33102 22 

2178 

13.3380579 

2213 

3.3449814 

2IO9 

3.3240766 

2144 

3.3312248 

2179 

3.3382572 

2214 

3.345 1 776 

2110 

3.3242823 

2145 

3-3314273 

2180 

3.3384565 

2215 

3-3453737 

21  I  I 

3.3244882 

2146 

3.3  3  16297 

2181 

5.5386557 

22r6 

3.3455698 

2112 

3.3246939 

2147 

3.33  18320 

2182 

3.3388547 

2217 

3.3457657 

21 1 3 

3.3248995 

2148 

3.3320343 

2183 

3.3390537 

2218 

3.34596I5 

2U4 

3.3251050 

2149 

3.3322364 

2184 

3.3392526 

2219 

3.3461573 

2115 

3.3253104 

2150 

3.3324385 

2185 

3-33945H 

2220 

3.3463530 

2Il6 

3.3255157 

2151 

3.3326404 

2l86 

3.3396501 

2221 

3.3465486 

21 17 

3.3257209 

2  1  52 

3.3328423 

2187 

3.3  398488 

2222 

3.3467441 

1 1.1 8 

3.3259260 

2153 

3.333044O 

2188 

3.3400473 

2223 

3.3469395 

21  19 

5.32613  IO 

2154 

3.3332457 

2189 

3.3402458 

2224 

3.3471348 

2120 

3.3265359 

2155 

3.3  3  34473 

2190 

3.3404441 

2225 

3.3473300 

|2i2r 

3.3265407 

2156 

3.3336488 

'2191 

3.3406424 

2226 

3.3475252 

2122 

3.3267454 

2157 

3.3338501 . 

2192 

3.3408405 

2227, 

3.3477202 

2123 

3.3269500^ 

2158 

3.3340514 

2193 

3.3410386 

2228 

3.3479T52 

2124 

3.3271545 

2159 

3.3342526 

2194 

3.3412366 

2229 

3.3481101 

2125 

3.3273589 

2160 

3.3344537 

2195 

3.3414345 

2230 

3.3483049 

2126 

3.3275633 

2 1 6'1 

3*3  346548 

2196 

3.3416323 

223  I 

3.3484996 

2127 

3.3277675 

2162 

3.3348557 

21 97 

3.34x8301 

2232 

3.3486942 

2128 

3.3279716 

2163 

3.3350565 

2198 

3.3420277 

2233 

3.3488887 

;2I29 

3.3  2,8 175"7 

2164 

3-3352572 

2199 

3.3422252 

2234 

3.3490832 

2T30 

3.3283796 

2165 

3.3354579 

2200 

3.3424227 

2235 

3.3492775 

2131 

3.3285834 

2166 

3-3356585 

2201 

3.3426200 

2236 

3.3494718 

2132 

3.3287872 

2167 

3.3358589 

2202 

3.3428173 

2237 

3.3496660 

2133 

3.3289909 

2168 

3.3360593 

2203 

3.3430145 

2238 

3.3498601 

2134 

3.3291944 

2169 

3.3362596 

2204 

3.3432116 

2239 

3.3500541 

,2135 

3.3293979 

2170 

3.3364597 

[2205 

3.3434086 

2240 

3.3502480 

/ 


^unrM  Logarithm . 


Nutn.|  Logarithm* 


2241 

5.3504419 

2276  3 

2242 

3.3506356 

2277  3 

2243 

3.3508293  J 

2278  3 

2244 

3.35  10228 

2279  3 

2245 

3.3512163. 

2280  3 

2246 

3.35H098 

2281  3 

2247 

j.35 1603  X 

2282  3 

2248 

3.3517963 

2283  3 

2249 

3.3519.895 

2284  3 

2250 

3.3521825 

2285  3 

2251 

?-3523755 

2286*3 

2252 

3.3525684 

2287  3 

2253 

3.3527613 

2288  ? 

2254 

?-3  529539 

2289  2 

2255 

3.3531465 

2290  ^ 

ts* 

Os 

3.3533391 

2291  } 

'2257 

3-35353  16 

2292  3 

2258 

?-3537239 

2.293  i 

2259 

3.3539j62 

2294  : 

2260 

5.3541084 

2295 

2261 

3.3543006 

2296 

2262 

?*3  54492^ 

2297 

2263 

3.3546846 

2298 

2264 

3.3548764 

2299 

2265 

3.3550682 

2300 

2266 

3.3552599 

2301 

2267 

3.3554515 

2302 

2268 

3.3556430 

2303 

2269 

3.3558345 

2304 

227C 

3.3560259 

2305 

2271 

3.3562171 

2306 

2272 

3.3564083 

2307 

2273 

3.3565994 

2308 

2274 

3.3567905 

2309 

2275 

13.3569814 

2310 

■•1596458 


j.3613500 

3.3615590 

3.3617278 


3.36361 


Num.|  Logarithm. 

Num.j  1 

2311 

3.3638000 

2346  7, 

2312 

3.3639878 

2347  3- 

2313 

3.3641756 

2348  3 

2314 

3.3643633 

2349  ?• 

2315 

3.3645510 

2350  3 

2316 

7.3647386 

2351  ? 

2317 

3*3649260 

2352  3 

2318 

3.3651134 

2353  3 

2319 

3.3653007 

2354  3 

2320 

3.3654880 

2355  3 

23211 

3.3656751 

2356  ? 

2322 

3.3658622 

2357  3 

2323 

3.3660492 

2358  7 

2324 

3.3662361 

2359  ? 

2325' 

3.3664230 

2360  3 

2326 

7.3666097 

2361  ; 

2327 

3.3667964 

2362 

,  2328 

•3.3669830 

■2367 

2329 

3.3671695 

2364 

2330 

3-367355  9 

2365 

2331 

3.3675423 

2366 

2332 

3.3677285 

2367 

2333 

3.3679147 

2368 

2334 

7.3681008 

2369 

2335 

7.3682869 

2370 

2336 

3.3684728 

2371 

2337 

3.3686587 

2372 

2338 

.3688445 

2373 

2339 

3.3690302 

2374 

234c 

7.3692159 

2375 

2341 

3.3694014 

2376 

5  23*42 

3.36958  69 

2377 

2343 

3.3697723 

2378 

?  2344 

5.3699576 

2379^ 

3  2345 

3.3701428 

I  23 80I 

Logarithm. 


6475 


3.37401+7 
3.3741983 
f.3743817 
?•  3  745  65 1 
3-37474-^3 


3.37493I6 

3-375 1 J47 
3.3752977 
3.3754807 
3.3756636 


3.3758464 
3*376029 


ppppp 


4t.rr. 


N  urn.  { 

Logarithm, 

Num  \  Logarithm . 

Num  .\  Logarithm.  ^ 

Num-T  Logarithm. 

2381  5 

.3767594 

2416  3 

.3830969 

245 1  : 

5.3^9343  3 

2486 

5.3955011 

2382  - 

5.3769418 

2417  3 

.3832766 

2452  5 

5.3895205 

2487  I 

5.3956758 

P383 

{.3771240 

2418  3 

.3834563 

2453  5 

S. 3  896975 

2488 

3.3958504 

2  J84  ; 

!.  3773062 

2419  5 

1.3836359 1 

2454  : 

5.3  898746 

2489 

3.3960249 

^385  : 

5.3774884 

2420  3 

.3838154 

r 

2455  : 

i.3900515 

2490 

3.3961993 

2386 

5.3776704.I 

2421  3 

1.3839948 

2456 : 

5.3902284 

2491 

3.3963737 

2387 

5.3778524 ! 

2422 

5.3841741 

2457  . 

5.3904052 

2492 

3.3965480 

2388 

3.3780343 

2423 

5.3843534 

2458 

3.3905819 

2493 

3.3967223 

13  89 

3.3782161 

2424 

5.3845326 

2459 

3.3907585 

2494 

3.3968964 

239O 

3.3783979 

2425 

5.3847117 

246O 

3.39093  5 1 

2495 

3.3970705. 

2391 

3.3785796 

2426 

3.3848908 

2461 

3.3911116 

2496 

3.3972446 

2^92 

3.3787612 

2427 

3.3850698 

2462 

3.3912880 

2497 

3.3974185, 

23  s&. 

3.3789427 

2428 

3.3852487 

2463 

3.3914644 

2498 

3.3975924 

1239! 

3.3791241 

2429 

3.385427s 

246413.3916407 

24 99 

3.3977662 

*395 

3-3793055 

2430 

3.3856063 

2465l3.39l8l69 

•  t 

2500 

3.3979400 

2396 

3.3794868 

2431 

3.3857850 

24  66 

3-39I993I 

2501 

3.3981137 

'2$  97 

3.3796680 

2432 

3.3859636 

2467 

3.3921691 

2502 

3.3982873 

2398' 

3.3798492 

2433 

3.3861421 

2468 

3.3923452 

2503 

3.3984608 

2399 

3.3800302 

2434 

3.3863206 

2469 

3/5925211  1 

2504 

3.3986343 

2400 

3.3802112 

■ 

2435 

I 

3.3864990 

2470 

3.392  6969 

2505 

3.3988077 

2401 

3.3803922 

2436 

3.3866773 

2471 

3.3928727 

2506 

3.3989811 

2402 

3.3805730 

2437 

3.3868555 

2472 

3,3930485 

2507 

3.3991543 

2403 

3.3807538 

2438 

3.3870337 

2473 

3.3932241 

2508 

3.3993275 

12404 

3.3809345 

2439 

3.3872118 

2474 

3-3933  997 

2509 

3.3995005 

I2405 

3.381 1151 

2440 

3.3873898 

2475 

3.3935752 

25IC 

3.3996737 

2406 

3*3812956 

2441 

3.3875678 

2476 

3.3937506 

2511 

3.3998467 

2407 

'3.3814761 

2442 

3-3877457 

2477 

3.3939260 

2512 

3.4000196 

240$: 

3.3816565 

2443 

,3.3879235 

2478 

3.3941013 

2513 

3.4001925 

240c 

)  3.3818368 

2444 

3.3881012 

,  2479 

3.3942765 

2SM 

3.4003653 

241  c 

)  3.3820170 

2445 

3.3882789 

2^8c 

3-39445  J7 

2515 

3.4005380 

241 

[  3.3821972 

2446 

3.3884565 

2481 

3.3946268 

251c 

)13.4007I06 

I241: 

1 3.3823773 

2447 

3.3886340 

2482 

3.3948018 

2513 

7  3.4OO8 832 

241 

3.3825573 

244* 

3.3888114 

1  2483 

3.3949767 

251I 

3.4010557 

241. 

4-  3.3827373 

244S 

)  3.3889888 

248- 

L3.395i5i6 

2515 

)  3.4OI2282 

24T 

5  3,3829171 

245c 

5  5.589166I 

2485 

i  3.3953264 

252013.4014005 

Num.l  Logarithm. 

ISura  |  Logarithm . 

252 1 

2522 

2523 

2524 

2525 

3.4015728 

?  ,40 1 745 1 
3.4OI9173 
3.4020893 
3.4022614 

2556 

2557 

2558 

2559 

2560 

3.4075008 
34077307 
3.4079005 
34080703  . 
,".4082400 

2526 

2527 

2528 

2529 
•2530 

3.402433.3 
3.4026052 
3.4027771 
3.4029488 
3.403  1205 

2561 

2562 

2563 

2564 
4565 

3.4084096 

34085791 

34087486 

34089180 

3.4090874 

2531 

2532 

2533 

2534 

2535 

2536 

2537 

2538 

2539 

2540 

3.4032921 

3.4034637 

3-4036354 

3.4038066 

3.4039780 

2566 

2567 
,2568 

2569 

2570 

34092567 

3.3094259. 

34095950 
34097641 
340993  3 1 

7.4041492 

3404320 5 
3.4044916 
3.4046627 
3.4048337 

2571 

2572 

2573 

2574 

2575 

3.4101021 
3.4102710 
3.4104398 
3.4106085 
3.41 0777 1 

2541 

2542 

2543 

2544 

2545 

3.4050047 

3.4051755 

3.4053463 

3.4055x71 

3  4056878 

2576 

2577 

2578 

2579 

2580 

3.4x09459 
3.41 1 1 144 
3.4112829 
3.4174513 
3.4116197 

2546 

2547 

2548 

2549 

2550 

2551 

2552 

2553 

2554 

2555 

3.4058584 

3.4060289 

3.4061994 

3.4063698 

3.4065462 

2581 

2582 

2583 

2584 

2585 

3.4117880 
3.41 19562 
3.41 21244 
3.4122925 
3.4124605 

3.4067105 
3.406880  7 
5.4070508 
^.4072209 

3.4073909 

2586 

2587 

2588 

2589 
259c 

3.4126285 
3.4127964 
3.4129642 
3.41 3 1 320 
3.4132998 

2J9I 
25  92 

25 93 

2594 

2595 


2596 

2597 
259S 

2599 

2600 


j.^.1  34674 
3.4136350 
3.4I38025 

■•.4X397OO 

3.414x374 


3.4x43047 

3.4144719 

3.4x46391 

3.4X48063 

J-4I49733 


2601.  '•4I514°4 

2602  i*4I53073 

2603  3-4I54742 

2604  ?*y564io 
26054  3.4158078 


2606 

2607 

2608 

2609 

2610 


2616 

2617 

2618 

2619 

2620 


Ppppp 


3.4159744 

3.4161410 

?.4i63076 

3.4164741 

3.4166405 

,3.4168069 

3.4169732 

3.4171394 
3.4173056 
3.41 747 1 7 

3.4176377 

3.4178037 

3.4179696 

7.4181355 

3.4183013 

3.4184670 

3.4186327 

3.4187983 

3.4189638 

3.4191293 


Num.J  Logarithm. 

2626 

3.4192947 

1  2627 

3.4194601 

2628 

3.4196254 . 

2629 

3.4197906 

2630 

3.4199557 

263  I 

3.4201208 

2632 

3.4202859' 

2633 

3.4204509 

2634 

3.4206158 

2635 

3.4207806 

2636 

3.4209454 

2637 

'7.42IIIOI- 

2638 

3.42'!  2748 

2639 

3.4214394 

2640 

3.4216039 

2641 

3.4217684 

2642 

3.42I93  28 

2643 

3.4220972 

264.4. 

3.4222614 

2645 

?.4224257, 

2646 

2647 

2648 

2649 

2650 

2651 

2652 

2653 

2654 

2655 


3.4225898 

3.4227539 

3.4229180 

3.4230820 

3.4232459 

5.4234097 

5-4235735 

3.4237372, 

3.4239009 

3.4240645 


3.4242281 

3.4243916 

3.4245550 

3.4247183 

3.4248816 


N  uni. 

Logarithm,  j 

Num  \  Logarithm. 

Num.f  Logarithm.  - 

206 1 

3*4-250449  | 

2696 

3.4307199 

2731 

34363217 

2766 

3.4418522 . 

2662 

3.4252080  ' 

.2697 

3.430880  9 

2732 

3.4364807 

2767 

3*4420092 

2663 

3.4253712 

2698 

3.4310419 

273? 

3.4366396 

2768 

3.4421661 

1  2664 

3.4255342 

2699 

3.4312029 

2734 

.3.4367985 

2769 

3.44232-29 

2665 

3.425  6972 

2700 

3.4313638 

2735 

3.4369573 

2770 

•  44*2 47 9  ^ 

2666 

3.4258601 

2701 

3.4315246 1 

2736 

3.4371161 

277 1 

3.4426365, 

2667 

3.4260230 

2702 

3.4316853 

2737 

34372748 

4772 

3.4427932 

266  8 

3.4261858 

2703 

3.4318460 

2738 

3-43,743  34 

2773 

3.4429499 . 

2669 

3.4263486 

2704 

3.43200  66 

2739 

34375920 

2774 

3.443 1 065 

2670 

3.4265113 

2705 

3.4321673 

2740 

3.4377506 

2775 

34432630 

2671 

3.4266739 

2706 

3.4323278 

2741 

3-4379090 

2776 

3.4434195 

2.672 

3.4268365 

2707 

3.4324883 

.2742 

3.4380674 

2777 

3-4435759 

2673 

3.4269990 

2708 

3.4326487 

2743 

34382258 

2778 

3.4437322 

2674 

3.4271614 

2709 

3.43280510 

2744 

3.4383841 

2779 

3.4438885 

2.675 

3.4273238 

2710 

3.4329693 

2745 

34385423 

2780 

3  -4440448 

2676 

3.4274861 

2711 

3.43.31295 

2746 

34387005 

2781 

3.4442010  - 

2677 

3.4276484 

2712 

3.4332897 

2747 

34388587 

2782 

3.4443  57 1 . 

2.678 

3.-4278106 

27l:3 

3 «4)3 449 S 

2748 

34390167 

2783 

3.4445132 

267^ 

3.4279727 

2714 

3.4336098 

2749 

34391747 

2784 

3.4446692 

1 2680 

3.4281348 

2?I5 

3.4337698 

275P 

3.4393327 

2785. 

3,4448252 

2681 1 

3.4282968 

2716 

34339298 

275T 

3.4394906 

27  86 

3 .44498 1 1 

2682 

3,4284588 

27 1 7- 

3.4340896 

■2752 

3.4396484 

2787 

3-445 1 3  70 

2683 

3.4286207 

27 1  s 

3.4342494 

2753 

3.4398062 

2788 

3.4452928 

26.84 

3.4287825 

2719 

3.4544092 

2754 

34399639 

2789 

3.4454485 

2685 

1  < 

3.4289442 

2720 

34345689 

2755 

3.4401216 

2790 

* 

5.4456042 

2686 

3.4291060 

2721 

3.4347285 

2756 

3.4402792 

2791 

3.4457598 

2687 

3.4292677 

2722, 

34348881 

2757 

3.4404368 

2792 

3.4459154 

268.8' 

3.4294293 

2723 

34350476 

12758 

34405943 

2793 

3.4460709 

I2689 

3.4295908 

2724 

34352071 

2759 

34407517 

2794 

3.4462264 

2690 

3.J.297J22 

.2725 

34353665 

2760 

34409091 

2795 

3.4463818 

I2691 

3.4299137 

,2726 

34355258 

2761 

34410664 

2796 

3-44653  7r 

2692 

3.430075.1 

2727 

34356851 

2762 

34412237. 

2797 

3.4466925 

2693 

3.4302364 

•2728 

34358444 

2763 

34413809 

2798 

3.4468477 

2694 

3.430397,6 

0  2729 

34360035 

2764 

3.4415380 

2799 

34470029 

j26p5 

5.4305588 

2730 

3.4361626 

1.2765 

34416951 

,2800 

3.44-7I58O1 

X 


V.  ■  ■  1 1  ■  1  ' 

Num.T 

Locmtbm. 

Num  [Loixrhhm. 

Nam.  1 

2801 

3.4473  J3i 

2836 

34527062 

267 1 

2802' 

3.4474681 

2837 

34528593 , 

2872  : 

r> 

2803 

3.4476231 

2838 

34530124 

2873  : 

D 

2804 

3.4477780 

2839 

34531654 

2874 

2805 

3.4479329 

2840 

?.453  3 1S3 

2875 . 

2806 

3.4480877 

2841 

34534712 

2876 

2807 

34482424 

2842 

34536241 

2877 

2808 

3.4483971 

2843 

34537769 

2878 

2809 

344855I7 

2844 

34539296^ 

2879 

2810 

34487063 

2845 

34540823 

2880 

28 1 1 

• 

CO 

CO 

On 

O 

OO 

2846 

34542349 

2881 

2812 

3.4490153 

2847 

3-4543875 

2882 

281.3 

3.4491697 

2848 

-4545400 

2883 

2814 

34493241 

2849 

34546924 

2884 

2815 

3.4494784 

2850 

3.4548449 

2885 

2816 

3.4496326 

2851 

3-4549972 

2886 

2817 

3.4497868 

2852 

•1.455 1 495 

2887 

2818 

34499410 

2853 

?.4553°i8 

2888 

2810 

34500951 

2854 

^•455454° 

2889 

,2820 

3.4502491 

2855 

^4556061 

’289O 

— * — 

2821 

34504031 

2856 

• 

CO 

In* 

2891 

2822 

3-450557° 

2857 

34559102 

2892 

2823 

,34507109 

2858 

54560622 

2893 

2824 

'.4508647- 

2859 

34562141 

2894 

2825 

34510184 

2860 

%4563660 

2895 

2826 

345 1 1 72 1 

2861 

3.4565!  79 

I  2896 

2827 

34513258 

2862 

54566696 

1  2897 

2828 

2829 

2830 

3.4514794 

3.45 1 63  29 
34517864 

2863 

2864 

34568213 

3.456973° 

2898 

2899 

2865 

3.4571246 

29OO 

2831 

3.45T9399 

2866 

3.4572762 

2901 

2,832 

34)20932 

2867 

3.457^.276 

2902 

2833 

3452246 6 

2868 

3-457579! 

2903 

2834 

34523998 

2869 

34577305 

2904 

12835 

3-4525531 

2870 

5.4578819 

29Q) 

Lo^iritbm 


?. 3.584868 


3.4589399 

7.4590908 


■4595433 
3.4596940 

7.459S446 

3.4599953 

3.4601458 

?. 4602963 
34604468 
34605972 
?4607475 
34608978 

346IO481 
?  461  I983 

34613484 
34614985 
34616486 


34617986 

?46l9485 

34620984 

?4622482 

74623980 


34625477 


.463I46I 


Nun-i. 

i  Logarithm. 

2906 

34632956 

2907 

34634450 

2908 

3.4635944 

2909I 

3-4637437 

1 2910 

3463893° 

2911 

5.4640422 

2912 

34641914 

2913 

34643405 

2914 

34644895 

2915 

3.4646386 

2916 

34647875 1 

2917 

34649364 

2918 

34650853 

29J9 

34652341 

2920 

3.4653828 

,2921 

34655316 

2922 

*4656802 

2923 

3.4658288 

29  24 

?:4 659775 

2915 

?.  466  1259 

2926 

"4662743 

2927 

*4664227 

2928 

44.6657I  1 

2929 

3.4667194 

2930 

"4668676 

29  3 1 

-3.4670158 

2932 

3467I64O 

29?3 

3.4673  120 

2,94 

3.46746OI 

2935 

?467608l 

2936 

24677560 

2937 

44679039 

2938 

?46805l8 

29  39 

?.468l996 

2040 

7.468347  2 

m 


' '  Num 

•  l  Logarithm. 

Num 

•  I  Logarithm . 

Num. j  Logarithm. 

Num.j  Logarithm. 

2941 

3.40^4950 

2976 

3.4736329 

3011 

5.4787108 

3046 

5.4837299 

2942 

3.4686427 

2977 

3-4737788 

3012 

3.4788550 

3047 

7.483  8725 

2943 

3.4687903 

2978 

3-47392  47 

3013 

3.4789991 

■  3048 

3.4840150 

29^ 

3.4689378 

2979 

3.4740705 

3014 

3.479x432 

3049 

3.4841574 

2945 

3.4690853 

2980 

3.4742x63 

3015 

3.4792873 

3050 

3.484299# 

2946 

3.4692327 

2981 

3.4743620 

3016 

3-47943 1 3 

3051 

7.4844422 

|2947 

'’•4693801 

2982 

3.4745076 

3017 

3-4795753 

3052 

3.4845845 

2948 

'•4695275 

2983 

?-4746533 

3018 

3.4797I92 

3053 

7.4847268 

2949 

3.4696748 

2984 

3.4747988 

♦3019 

3-479863  1 

3054 

3.4848690 

2950 

3.4698220 

2985 

3-4749443 

3020 

3.48OOO69 

1  3055 

3.4850112 

29  j  1 

3.4699692 

2986 

3.4750898 

3021 

3.480150  7 

3056 

3.4851533 

2952 

3.47°”63 

2987 

3-47523  52 

3022 

3.4802945 

3057 

3.4852954 

-953 

3.4702634 

2988 

?-4753806 

3023 

5.4804381 

3058 

3.4854375 

2954 

3.4704105 

2989 

?475S259 

3024 

3.4805818 

3059 

3.4855795 

2955 

3.4705575 

2990 

3.4756712 

3025 

3.4807254 

3060 

3.4857214 

2956 

3.4707044 

2991 

3.4758164 

3026 

34808689 

3061 

3.4858633 

2957 

3.4708513 

2992 

3.4759616  ■ 

3027 

34810124 

3062 

3.4860052 

2958 

3.4709982 

2993) 

3.4761067 

30281 

7.481 1559 

3065 

3.4861470 

29J9 

3.47x1450 

2994 

3.4762518 

3029 

3.4812993 

3064 

3.4862888 

2960 

3.47 1 29 1 7 

2995 

3.4763968 

3030 

3.4814426 

3065 

3.4864305 

296* 

3.4714384 

2996 

3.4765418 

3031 

3.4815859 

3066 

3.4865721 

2962 

3.4715852 

2997 

3.4766867 

3032 

3.4817292 

3067 

3.4867138 

2963 

3.47I73I7 

2998 

3.4768316 

3033 

3.4818724 

3068 

3.4868554 

2964 

1.47I8782 

2999 

3.4769765 

3034 

3.4820156 

3069 

3.48  69969 

2965 

3.4720247 

3000 

3.4771212 

3035 

3.4821587 

■\ 

3070 

3.4871384 

2966 

3.4721711 

3001 

3.4772660 

3036 

3.4823^)18 

3071 

3.4872798 

2967 

3-4723I75 

3002 

3.4774107 

3037 

3.4824448 

3072 

3.4874212 

2968 

3.4724639 

3003 

3.4775553 

[3038 

3.4825878 

3073 

34875626 

2969 

3.4726102 

3004 

3.4776999 

3039 

3.4827307 

3074 

34877039 

2970 

3.4727564 

3005 

3.4778445 

3040 

3.4828736 

3075 

3.4878451 

2971 

?,4729027 

3006 

3.4779890 

3041 

3.4830164 

3076 

3.4879863 

2972 

34730488 

3007 

3.4781334 

3042 

3.4831592. 

3077 

3.4881275 

2973 

3.4731949  < 

3008 

3.4782778 

3043 

3.4833019 

3078 

3.48  82686 

2974 

3.4733410 

3009 

3.4784222 

3044 

3.4834446 

3079 

3.48840 97 

2975 

3.4734870 

3010 

3.4785665 

3045 

3.4835873 

3080 

$4885307 

r 


N. 


Num-I  UntritbiH. 

3081  3.48869I7 

3082  3.4888326 

3083  3.4889735 

3084  3.4891144; 

3085  3-4892552 


3086 

3087 

3088 

3089 

3090 


309) 

3092 

3093 

3094 


3.4893959 
3.4895  3  66 
3.4896773 

3.4898179 

3.4899J85 


Num-3  Logtritbm. 

3116  3-4935974 

3117  M937368 

3118  34938761 

3119  ?«494oi54 

3120  3.494 1 546 


3.4900990 

3.4902395 

3.4903799 

3.4905203 


3 121 

3122 

3123 

3124 

3125 


3,095  3.4906607 


3096 

3097 

3098 

3099 

3 100 


3101 

3 102 

3103 

3104 

3105 


3.4908009 

3.4909412 

5.4910814 

3.4912216 

3.4913617 

3.4915018 

3.4916418 

3.4917818 

3.4919217 

3.4920616 


3126 

3127 

3128 

3129 

3130 


34942938 
3.4944329 
3.494572° 
3 .4947 1 10 
3.4948500 

3.4949890 
3.4951279 
3.4952  667 
3.4954056 
3-4955443 


3131 

3132 

3133 

3134 

3135 


3.4956831 


3106 

3107 

3108 
I3109 

3110 


3111 

3112 

3113 

3114 

3115 


3.4922014 

3.4923413 

3.4924810 

^4926207 

3.4927604 

324929000 
M930396 
3*493 1791 
3.493  3  1 86 
3.4934580 


3136 

3137 

3138 

3139 

3140 

3Hi 

3142 

3H3 

3144 

3H5 


Nuni  j  Logarithm.  N 

3151  5 

[.4984484  3 

3I52  : 

’.4985862  3 

3153  : 

.4987  240  3 

3154  ■ 

3.4988617  3 

| 3155  : 

3.4989994  3 

3156 

3.4991370  3 

3157 

3.4992746  3 

3158 

5.49941 2 1  3 

3159 

3-4995496  3 

3l60. 

3.4996871  3 

3l6l 

3.4998245  3 

3162 

3.4999619  3 

3163 

3.5000992  3 

3164 

3.5002365  3 

3165 

3.5003737  3 

31 66 

3.5005109  3 

3167 

3.5006481  3 

3  168 

$.5007852  3 

3169 

3.5009222  3 

3170 

3.5010593  : 

1 1 3171 

3.5011962 

3172 

3«5OI3332 

?  3173 

5.5014701 

3  [ 3174 

?.  5016069 

6  3175 

3.5017437 

9  3176 

5.5018805 

2  3177 

3.5020172 

4  317^ 

!.  3.5021 5  39 

5  3i7S 

)  3.5O229O5 

6  3 1.8c 

5  5.5024271 

7  318 

3.5025637 

7  318. 

l  £5027001 

.7  318 

3.5028366 

7  318. 

4  3.502973i 

>6  318 

517.50300941 

3.5032458 

3.5033821 

3-503  5' 83 
3.5036545 

3-5037907 


3.5039268 
3192I3.5040629 
3.5041989 
3.5043349 
3.5044709 


3201 


3.5046068 

3.5047426 

3.5048785 

3.5050142 

3.5051500 


3.5052857 

3-5°542I3 

3.5055569 

3.5056925 

3.5058280 


3210 


3206  3.5059635 

3.5060990 

3.5062344 
3.5063697 
3.5065090 


r 


3211 

3212 

3213 

3214 

3215 


3.5066403 
3.5067755 
3.5069107 
3,5070459 

3.5071 810 

3.5073160 
3.5074511 
3.5075860 
_  -  3iS°772IC 

3220I3.5078559 


X. 


\ 


Num. 

1  ^Logarithm. 

Num.y  Logarithm, 

Nimi.f  Logarithm. 

Num.j  Logarithm . 

3221 

3.5079907 

3256 

3.5126844 

3291 

3.5173279 

3326 

3.5219222 

3222 

3.5081255 

3257 

3.5128178 

3292 

3.5174598 

3327 

3.5220528 

3223 

3*5082603 

3258 

3.5129511 

3293 

3-5i759i7 

3328 

3.5221833 

3  224 

3.5083950 

3259 

3.5130844 

3294 

3.5177236 

3  329 

3.5213 138 

3225 

3.5085297 

3260 

3.5132176 

|  3 295 

i  3.5 178554 

33  30 

3.5224442 

3226 

3.5086644 

3261 

3.5133508 

3296 

3.5-79872 

33  3  1 

3.5225746 

3227 

".5087990 

3262 

>.5 1 34840 

3297 

3.5l8ll89 

3  3  32 

3.5227050 

3228 

3.5089335 

3263 

3.5136171 

329s 

3.5i82506 

3  3  3  3 

3.5228353 

3229 

3.5090680 

3264 

3.5137501 

3299 

3.5183823 

3334 

3.5229656 

13230 

1 

3.5092025 

3265 

3.5138832 

3300 

-.5185139 

3335 

3.5230958 

323 1 

3.5093  370 

3266 

3.5140162 

3301 

3.5186455 

3336 

3.5232260 

3232 

3.5094713 

3267 

3.5141491 

3302 

3.5187771 

3  3  3  7| 

3.5233562 

323  3 

3.5096057 

3268 

3.5142820 

3303 

3.)  289086 

3338 

3.5234863' 

323+ 

3.5097400 

3269 

3.514414 

3304 

3.5T90400 

3  3  39 

3.52;6i64 

3235 

3.5098743 

3270 

3.5145478 

3305 

3.51917x5 

3  340 
— /- 

3.5237465 

3236 

3.5100085 

3271 

3.514680  5 

3306 

3.5193028 

3341 

3.5238765 

3237 

^5101427 

3272 

3.5148133 

3  30/ 

3.5194342 

3342 

3.5240064 

3238 

5.5102768 

3273 

3,5149460 

3308 

3.5195655 

3  343 

3-524i364 

3239 

3.5  1 041 09 

3274 

3.5150787 

3309 

3.5196968 

3344 

3.5242663 

I3240 

3.5105450 

3275 

3.51521 13 ' 

3310 

3.5198280 

3345 

3-524396X 

3241 

3.5106790 

3276 

3-5153439 

3311 

3.5199592 

3346 

3.524525  9 

3242 

3.5108130 

3277 

3.5154764 

3  3 12 

3.5200903 1 

3347 

3.5246551 

3243 

3.51094  69 

3278 

3.5156089 

3  313 

3.5202214 

3348 

3.5247854 

3244 

3.51 10808 

3279 

3-5157414 

33H 

3.5203525 

3349 

3.5249151 

3  245 

5.5112147 

3280 

3.5158738 

3315 

3.5204835 

335° 

3.5250448 

3246 

3.5113485 

3281 

3.5160062 

3516 

3.5206145 

335 1 

3.5251744 

3247 

3.5114823 

3282 

3.5161386 

33l7 

3.5207455 

3352 

3.5253040 

3248 

^.5116160 

3284 

?.5  762709 

3318 

5.5208764 

3353 

|3.5254335 

3249 

3-5 1 J7497 

3284 

3.5164031 

?>»9 

3.5210073 

3354 

3.5255631 

3250 

7.5118834 

3285 

3-5 1  <35  3.54 

3320 

3.5211381 

3  355 

3:5256925 

32511 

3.5I20I70 

3286 

3.5166676 

3321 

3.5212689 

3356 

3.5258219 

3252 

3.5121505 

3287 

3.5 167997 

3322 

3.5213  996 1 

3357 

3.5259513 

3253 

3.5122841 

3288 

3.5169318 

332.3 

3.5215303 

3358 

3.5260806 

3254 

3.5124175 

3289 

3.5170639 

3324 

7,5216610 

3359 

3;5262too 

3255 

3.5I255IO 

3290 

3.5I7I959 

3325 

3.5217916 

3360 

3:526339? 

Nam  |  Logarithm. 

3  301 

3362 

3363 

3364 

3365 

.-.5264685 

3.5265977 
?.5  267269 
$.5268560 
$.5269851 

3366 

3367 

3368 

3369 

3370 

3-5271 H1 

>.5272431 

3.5273721 

3.5275010 

$.5276299 

3371 

3372 

3373 

3  374 
3  375 

3.5277588 

7.5278876 

3.5280163 

3.5281451 

3.5282738 

3  376 
3  377 
3  378 
3  379 
3380 

$.5284024 

$.5285311 

3.5286596 

$.5287882 

5.5289167 

3381 

3382 

3383 

3384 
3?85 

3386 

3387 

3  388 
3389 

3  390 

3.5290452 

3.5291736 

3.5293020 

3.5294303 

3.529^587 

3.5296869 

3.5298152 

?.5299434 

3.5300716 

3.530 1997 

3391 

3392 

3393 

3394 

3395 

3.5303278 
M 3045S 8 

3.5305839 

3.5307118 

3.5308398 

N  um. 

\  Logarithm. 

Num.j  Logarithm. 

3396 

3.5309677 

3431 

3.5-354207 

3397 

3.53*0955 

3432 

3-5355473 

3398 

3.5312234 

3433 

3-5356738 

3399 

3.5313512 , 

3434 

3.53  5  800 1 

3400 

3.5314789 

3435 

3.5359267 

3401 

$.53  16066 

3436 

M3  605  3  2 

3402 

-53I?343 

3437 

3-S36I795 

3403 

$.53  18619 

5438 

3.5363059 

3404 

3.5319895 

3439 

3.5364322 

3405 

$.3521171 

3440 

3.5365584 

3406 

5.5322446 

344* 

3.5366847 

3407 

$.5323721 

3442 

*.5368109 

3408 

3.5324996 1 

3443 

3.5369370 

3409 

5.5326270 

3444 

3.5370631 

3410 

3-5327544 

3445 

$.5321892- 

34ii 

3.5328817 

3446 

3*5373  rS3 

3412 

3.5330090 

3447 

3.53744M 

3413 

3-5331363 

34+8 

3.5375672 

34H 

3-5332635 

3449 

3.5376932 

3415 

3.5333907 

34SO 

3.5378191 

3416 

?-5  3  3  5 1 79 

345* 

3.5379450 

3417 

3.5336450 

3452 

3.5  3  80708 

3418 

3.5337721 

3453 

3.5581966 

3419 

3.5338991 

3454 

3.5383223 

3420 

3.5340261 

3455 

3.5384481 

3421 

3-5341531 

3456 

3.5385737 

3422 

$.5342800 

34*7 

3.5386994 

3423 

3.5344069 

3458 

$.5388250 

3424 

3-5345338 

3459 

3.5389506 

3425 

3.5346606 

3460 

3-5390761 

3426 

3.5347874 

3461 

3.5392016 

3427 

3.5  34914 1 

3462 

3-5393271 

3428 

3.5350408 

3463 

3.539452s 

3429 

3.5351675 

3464 

3.5395779 

3430 

3.5352941 

3465 

*M397°32 

N um-i  Logarithm. 


3466 

3467 

3468 

3469 

3470 


347 1 
347-2 

3473 

3474 

3475 


3476 

3477 
347^ 
3479 
3S8o 


3.5398286 
3-5399538 
3. 54007  9 1 
3.5402043 
3.5403295 

3.5404546 

3-5405797 

3.5407048 

3.5408298 

3.5409548 


3.5410798 

3.5422047 

3.5413296 

3.54H544 

3.5415792 


3481 

3482 

3483 

3484 

3485 

3486 

3487 

3488 

3489 

3490 


3491 

3492 

3493 

3494 

3495 


3496 

3497 

3498 

3499 

3500 


3.5417040 

2.5418288 

3.5419535 

3.5,420781 

3.5422028 

3.5423274 

3.5424519 

3.5425765 

3.5427010 

3.5428254 


3.5429498 

3.5430742 

3.5431986 

3.543  3229 

3  5434472 


3-54357I4 

3.5436956 

3.5438198 

3,5439439 

3,5440630 


Qqqqq 


J 


Num.|  Logarithm. 

Num.j  Logarithm , 

Num.j  Logarithm. 

Num.j  Logarithm. 

35°i 

3J02 

35°3 

3504 

3505 

5.5441921 

3.5443161 

3.5444401 

5.5445641 

3.5446880 

3536 

3537 

3538 

3539 

3540 

3-5485123 

3.5486351 

3.5487578 

3.5488806 

3.5490033 

3  57  J 

3  562 

3  573 

3  574 
3  575 

75.5527898 

1.55291  H 
3.5530330 

3.5531545 

3.5532760 

3  606 

3607 

3608 

3609 

3610 

3.5570257 

3.55714.61 

3.5572665 

3.5573869 

3.5575072 

3  J06 

3  S°7 
3508 
I3509 
3510 

3.5448119 

*•5449358 

3.5450  596 
3.5451834 
3.5453071 

3541 

3  542 
3  543 

3  544 
3  545 

3.5491259 
.5492486 
3-5493712 
3-5494937 
3. 5496 1 62 

3  576 
3  577 
3578 
3  579 
3580 

3.5533975 

3.5535189 

3.5536403 

3.5537617 

5.5538830 

3611 

3612 

3613 

3614 

3615 

3.5576275 

3-5577477 

3.5578680 

3.5579881 

3.5581083 

3511 

3512 

3  5 1 3 
35H 
3515 

3.5454308 

3*5455545 

3.5456781 

3.5458017 

3.5459253 

3546 

3547 

3548 

3549 
3  550 

3.5497^87 

3.5498612 

3.5499836 

3.5501060 

3.5502283 

3581 

3582 

3583 

3584 

3585 

3.5540043 

3.5541256 

3.5542468 

3.5543680 

3.5544892 

3616 

3617 

3618 

3619 

3620 

3.5582284 

3.5583485 

3.5584686 

3.5585886 

3,5587086 

3516 
3  5  !7 

35 

3JI9 
3  5  20 

3.5460489 

3.5461724 

3.5462958 

3.5464193 

3.5465427 

3  551 

3  552 
3  5  53 
3554 
3  555 

3.5503507 

3.5504730 
3.5505952 
3.5507174 
3.5  508396 

3586 

358; 

3588 

3589 

3590 

3.5546103 

3.5547314 
j.55  485  24 

3-5549735 

3.5550944 

3621 

3622 

3623 

3624 

3625 

3.5588285 

3.5589484 

3.5590683 

3.5591882 

3.5593080 

3521 

3522 
3J23 
'3524 

3525 

3526 

3527 

3528 

3529 

3530 

7.5466660 

3.5467894 

3.5469126 

3.5470359 

3.547I59I 

3  556 
3557 
3  558 
3  559 
3560 

3.55096i8 
3.5510839 
j.55 12059 

3.5CI3280 

3.55HJOO 

.3  591 
3592 
3  593 
3  594 
3595 

3.5552154 

3.5553363 

3-5554572 

3.555578i 

3.5556989 

3626 

3627 

3628 

3629 

3630 

3.5594278 

3-5595476 

3.5596673 

3.5597870 

3.5599066 

3.5472823 

3.5474055 

3.5475286 

3.5476517 

i.5477748 

3561 

3  562 

3563 

3564 

3565 

3.5515720 

3-5  5 1 693  9 
3.5518158 

3.55I9377 

J.5520595 

3596 

3597 

3598 

3599 

$6  00 

3.5558I97 

3.5559404 

,3.5560612 

2.556i8i8 

5.5  56302  5 

3631 

3632 

3633 

3634 

3635 

3.5600262 

3.56OI458 

3,5602654 

3.56O3849 

3  5605044 

3  53  1 
3  532 
3  53  3 
3  534 
3  535 

3.5478977 

5.5480207 

7.5481436 

3.5482665 

3.5483896 

3  566 

3567 

3568 
3  569 

3570 

3.5421813 
3.5523031 
3.5524248 
3.5525465 
3.5  526682 

3601 

3602 

3603 

3604 

3605 

3.5564231 

3.5  565437 
3.5566643 

3.5567848 
?. 5569053 

3636 

3637 

3638 

3639 

3640 

3.5606339 

3.5607433 

3.5608627 

3,5609820 

3,5611014 

/ 


Num-t  Logarithm. 

3  °4A 

3642 

3643 

3644 

3645 

3646 

3647 

3648 

3649 

3650 

3.5012207 
3.56133  99 

3.561459^ 

3.5615784 

3.5616975 

3.56l8l67 
3.56X93  58 
3.5620548 
3.5621739 
3.5622929 

3651 

3652 

3653 

3  6  J4 

3655 

3656 

3657 

3658 

3659 

3660 

3.56241 18 
3.5625308 
3.5626497 
3.5627685 
3.5628874 

3.56300  62 
3.5631250 

3.5632437 

3.5633624 

3.5634811 

3661 

3662 

3663 

3664 

3665 

3.5635997 

3.5637183 

3.5638369 

7-563P55  5 
3.5640740 

3666 

3667 

3668 

3669 

3670 

3>564i925 

3.5643109 

3.5644293 

3.5645477 

2.5646661 

3671 

3672 

3673 

3674 

3675 

3.5647844 
3.5649027 
3.5650209 
3.565 1 3  92 
?.5652573 

Num.j 

Logarithm - 

Num.j  Logarithm. 

Num.j  Logarithm.  ' 

3676 

3.5653755 

371 1 

?.56949io 

3746 

3.5735678 

3677 

£*565493<5 

3712 

$.5696  OSO 

3747 

3.5736837 

3678 

3.5656117 

3  7 1 3 

3.5697249 

3748 

3-5737996 

3679 

5.565.7298 

37H 

5.5698419 

3749 

3.57391541 

3680 

5.5658478 

371 5 

5.5699588 

3750 

3-57403131 

368/ 

5.5659658 

3716 

5.5700757 

375 1 

5.5741471 

3682 

?. 566083  8 

3  7 1 7 

3.5701926 

3752 

£.5742628! 

3683 

?. 5662017 

3718 

5.5703094 

3753 

3-5743786 

3684 

5.56651 96 

3719 

M7O4262 

3754 

3-5744943 

3685 

■5.5664375 

3720 

5.5705429 

3755 

5.5746099' 

3686 

3.5665553 

3721 

5.5706597 

3756 

s 

-.5747256 

3687 

5.5666731 

3722 

5.5707764 

3757 

3.5748412 

3688 

3.5667909 

37^3 

5.5708930 

3758 

■'•5749568, 

3689 

3.5669087 

3724 

5.5710097 

3759 

3.5750723 

3690 

3.5670264 

3725 

5.5711263  1 

376° 

5.5751878 

3691 

5.5671440 

3726 

£.5712428 

[3761 

3-5753033 

3692 

3.5672617 

3  7 27 

3-57 1 3  594 

3762 

7.5754188 

3693 

3.5673793 

3728 

?*S7I4759 

3765 

3-5755342 

3694 

3.5674969 

3729 

3.571  5924 

3764 

?-5756496 

3695 

• 

3.5676144 

3730 

5.5717087 

3765 

3.5757650 

3696 

3.5677320 

3731 

3.5718252 

3766 

3.5758803 

3697 

3.5678494 

3  7  3 2 

5.5719416 

3767 

3-57  59956 

3698 

3.5679669 

3733 

3.5720580 

3768 

?. 5761 109 

3699 

3.5680843 

3734 

5.5721743 

3769 

£.5762261 

37OO 

3.5682017 

3735 

3.5722906 

3770 

3-5763413 

3701 

3.5681192 

3736 

3.5724069 

3771 

3.5764565 

37°2 

3.5684364 

3737 

3*572523 1 

3  77  2 

3.57657x7 

3703 

3.5685537 

3738 

3.5726393 

3773 

£,5766868 

37°4 

3.5686710 

3739 

3-5727535 

3774 

3.5768019 

37°5 

3.5687882 

3740 

£.5728716 

3775 

3.5769169 

3706 

5.5689054 

3741 

3-5739877 

3776 

£.5770321 

3707 

3.5690226 

3742 

3.5731038 

3777 

3.5771470 

3708 

j.5691397 

3743 

3.5732198 

3778 

£.5772620 

3709 

5.5692568 

3744 

3.5733358 

3779 

3.5773769 

37IC 

3.5693739 

374s 

l3-57345I8 

3780 

3.5774917 

Qqqqq 


SJum.i  Logarithm. 

Num.j  Logarithm. 

Num.f  Logarithm. 

Num. 

Logarithm 

3781 

3782 
378? 

3784 

378s 

3.5770007 

3.5777215 

3.5778363 , 

3.5  7795 11 

3.5780659 

3816 

3817 

3818 

3819 

3  820 

5.58l6084 
5.5817222 
5.58183  59 

?.58i9497 

*.58:20634 

3851 

3852 

3853 

3854 

3855 

3.5855735 

3.5856863 

3.5857990 

3.5859117 

3.5860244 

3  686 

3  887 

3888 

3889 

3890 

5.5895028 

V.  5  896 1 45 

3*5897  262 

*.5898379 

*.5899496 

3786 
37  8/ 
3788 
3/89 

3790 

3791 

3792 

3793 

3794 

3795 

3796 

3797 

3798 

3799 

3800 

3801 

3802 

3803 

3804 
,3805 

3806 

3807 
.3808 
380s 
381c 

3.5781806 

1.5782953 

3.5784100 

3.5785246 

3.5786392 

3821 

3822 

3823 
3*824 
3825 

3.5821770 

3.5822907 

3.5824043 

3.5825179 

3.5826314 

3856 

3857 

3858 

3859 

3860 

586137° 

?.  5  862496 
?.  5863622 

M8  64748 
*.5865873 

3891 

3892 

3893 

3894 

3895 

?-590o6r2 

*.5901728 

*.5902844 

3-59°3959 

*.5905075 

5.5787538 

3.5788683 

3.5789828 

3.5790973 

3.5792118 

3.5793262 

3.5794406 

3-579555° 

3.5796693 

3.5797836 

0  1 

3S26 

3827 

3828 

3829 

3830 

3.J827450 

3.5828585 

3.5821799 

3.5830854 

3.5831988 

3.5833122 

3.5834255 

3.5835388 

3.5836521 

3.5837654 

3  86  T 

3862 

3863 

3864 

3865 

3.5866998 

3.5868123 

3.5869247 

3.5870371 

3.5871495 

3896 

3897 

3898 

3899 

3900 

*.5906189 

3.5907304 

*.5908418 

?*59095  32 

*.5910646 

3831 

3832 

3833 

3834 

3835 

3866 

3867 

3868 

3869 

3870 

*.5872618 
3.5873742 
■  ?.  5874865 
3.5875987 
3.5877110 

- - - — »  Ai  ■■■  .  -■ 

3901 

3902 

3903 

3904 

3905 

3.5911759 

3.5912873 

3.5913985 

3.5915098 

*.5916210 

3.5798979 
3.5800121 
3.58OI263 
U  5  802405 

3.5803547 

3.846 

3847 

3848 

3849 

3840 

3.5838786. 

3.5839918 

3.5841050 

3.5842181 

3.5843312 

3871 

3872 

3873 

3874 
3.875 

3.5878232 

3.5879353 

3.5880475 

3.5881596 

3.5882717 

3906 
•3907 
3  90S 

39°9 

3910 

1.5917322 

3.5918434 

3.5919546 

3. 5920657 

3.5921768 

3.5804688 
3.5805829 
.3.5806969 
,3.58081 10 
>  3.5809250 

3841 

3842 

3843 

3844 

3845 

3.5  844443 
3.5845574 

,3.5846704 

3-5847834 

3.5848963 

3876 

3377 

1 3878 
1 387s 

388c 

3.5883838 
3.5884958 
’.5886078 
3.5887I98 
5.58883  17 

39ii 

39*2- 

3913 

3914 

3915 

*.5922878 
*.5923988 
*.592  5098 
3,5926208 
3.5927318 

3811 

381; 

3813 

381^ 

381; 

'.5810389 

>  3.5811529 
3.5812668 

I-  M8i38o 7 

>  7.5814945 

384c 

3847 
.  3  84* 
384s 

3  §5< 

3.5850093 

3.5851222 

3.5852351 
)  3.5853479 

>  3.5854607 

3881 

3882 
<  388^ 

38.84 

3885 

3.5889436 

3.5890555 

3.5891674 

3.5892792 

3.5893910 

3916 

3917 

3918 
391s 

392c 

*.5928427 
?-5929536 
r  *.5930644 

3-5931753 
*.  5932861 

N  mn  •  \ 
392  1  3 
3922  3 

.39^3  3 

3924  3 

3925  3 

Logarithm, 

.5933968 

.5935076 

.5936183 

.5937290 

.5938397 

Num  I  Logarithm**  1 

tfum.I  Logarithm.  ^  Ni 

3956  3 

3957  3 

3958  3 

3959  3 

3960  3 

.5972563  . 

.5973660 

.5974758 

•5975855 

.5976952 

3  99 1  3 

399 2  3 

3993  3 

3994  3 

3995  3 

.0010817  4c 
.6011905  4c 
.6012993  4c 
.6013080  4c 
.6015168  4c 

j 3926  3 

13927 

3928  ; 

3929 

3930 

.5939503 

•.5940609 

3.594171s 

j. 5942820 

3.5943925 

3961 5 
3962 . 
3963  : 

3964 : 
3965 

5966 

’3967 

3968 

39*69 

397° 

.5978048 

3.5979145 

5.5980241 

3.5981336 

3.5982423 

3996  3 

3997  3 
399853 

3  999  - 
4000  : 

.6016255  4< 
.6017341  4 

.6018428  4 
;.6oi95S4  4 

5.6020600  4 

1 

3931 

I3932 

3933 

3934 

3935 

3.594503°  j 

3.5946135 

3.5947239 

3-5948344 

3.5949447 

3.5983527  - 
3.5984622 

3-5985727 

3.598681 1 
3.5987905 

4001 

4002 

4003 

4004 

4005  | 

3.6021685  4 
3.6022771  4 

3.6023856 
3.6024941  2] 

3.6026025  l 

3936 

3937 

3938 

3939 
394° 

3.5950551 

3.595 1 654 

3-5952757 
3-595  3860 

3.5954962 

3971 

3972 

3973 

3974 

3975 

3.5988999 

3.5990092 

3.5991186 

3.5992279 

3-5993  37 1 

4006 

4007 

4008 

4009 

4010 

3.6027109  4 

3.6028193  4 

3.6029277  C 
3.6030361  < 

3.6031444 

— - - 

3941 

3942 

3943 

3944 
|3945 

3.5956064 

3.5957166 

3.5958268 

3.5959369 

3.5960470 

3976 

3977 

3978 
3  979 
398c 

3.5994464 

3.5995556 

3.5996648 

3.5997739 

3.5998831 

401 1 

4012 
497  3 

4014 

4015 

3.6032527 

3.603  3609 
3.6034692 

3.6035774 

3.6036855 

394C 
3947 
394^ 
394< 
_  395c 

3 -5  96  2  571 
3.5962671 

^3-596  3771 
73.5964871 

3-19^597 1 

3981 

3982 

3983 

398; 

398; 

3.5999922 

3.6001013 
3.6002103 
j.  3.6003193 
;  3.6004283 

4016 

4017 

40i§ 

4015 

402c 

4021 

402; 

402 

402- 

l  ^02 

3.603793  7 
3.6039018 
3.6040099 
>,3.6041 180 
>  3.6042261 

395 
395- 
395 
'  395 
565 

3.596707c 

3.5968165 
3.596926!: 
4,3.5970365 
5  3.597I46; 

>  398* 
1 398’ 
398 

398 

399 

5' 3.6005  37  3 

7  3.6006462 

8  3.6007551 

9  3.600864c 
o  3.600972$ 

[  3.6043341  1 

1  3.6044421 

3  3.6045500 

4  3.6046580 

5  3.6047659 

Num.I  Logarithm. 


3 .00487  3  b 

3.6049816 

3.6050895, 

3.6051973 

3.6053050 


3.6054128 
3. 6055205 
40^  3*3.6056282 

--  '3*6057359 
3.6058435 


3.6059512 
3.6060587 
3.6061663 
3.60627381 
404013-6063814 


3.6064888 
3.6065963 
3.6067037 
3.60681 1 1 
3.60691 85 


4046*3.6070259 

4047  3.60713  3  1 

4048  3.6072405 

4049.3.6073478 

4050  3*607455° 


4051 

4052 
4Q5  3 

4054 

4055 

4056 

4057 

4058 

4059 

4060 


3.6075622 

3.6076694 

3.6077766 

3.6078837 

3.6079909 


3.6080979 
3.6082050 
3.6083120 
3,6084190 
3 ,6o8526oj 


Num.j  Logarithm. 

Num.f  Logarithm, 

Nam 

.  \  Logarithm. 

Num.  [ Logarithm, 

4061 

3.60863  30 

409^ 

3.61235  99 

4131 

3.O16055  2 

4166 

3.6197193 

4062 

3. 6087399 

4097 

3.6124660 

4132 

3.61 61603 

4167 

.3.6198235 

4063 

3.6088468 

4098 

3.6 125720 

4133 

3.616265  4 

4168 

3.6199277 

4064 

3.6089337 

4099 

3.6126779 

4134 

3.6163705 

4169 

3.62003  19 

4065 

3.6090605 

4100 

3.6127839 

4135 

3.6164755 

4170 

3.6201360 

4066 

3.6091674 

4101 

3.6128898 

4136 

3.6165805 

4171 

3.6202402 

4067 

3.6092742 

4102 

3.6129957 

4137 

3.6166855 

4172 

3.6203443* 

4068 

3.6093809 

4103 

3.6131015 

4138 

3.6167905 

4173 

3.620  4484 

4069 

3.6094877 

4104 

3.6132073 

4139 

3.6168954 

4174 

3.6205524 

4070 

3.6095944 

4105 

3-6133132 

4140 

3.6170003 

41 75 

3.6206565 

40  71 

3.6097011 

4106 

3.6134189 

4141 

?.  617x052 

4176 

3.6207605 

4072 

3.6098078 

+107 

3.6135247 

4r42 

3.6172101 

4177 

3.6208645 

4073 

3.6099144 

4108 

3.6136304 

4'43 

3.6173149 

4178 

3.6209684 

4074 

3.6100210 

4109 

3.6137361 

4144 

3.6174197 

4179 

3.62x0724 

4075 

3.610x276 

4110 

3.6138418 

4H5 

3.6175245 

4180 

3.6211763 

4076 

3.6102342 

41 1 1 

3.6139475 

4146 

3.6176293 

4181 

3.6212802  - 

4077 

3.6103407 

4112 

3.6140531 

4147 

3.6177340 

4182 

3.6213840 

4078 

3.6104472 

4113 

3.6141587 

4148 

3.6178387 

4183 

3.6214879 

4079 

3.6105537 

4114 

3.6142642 

4H9 

3.6179434 

4184 

3.62x5917 

4080 

3.6106602 

4U5 

3.6143698 

4150 

3.6180481 

4185 

3.6216955 

4081 

3.6107666 

4116 

3.6144754 

4151 

3.6181527 

4186 

3.6217992 

4082 

3.6108730 

4117 

3.6145809  , 

4152 

3.6 182573 

4187 

3.6219030 

4083 

3.6109794 

4118 

3.6146863  1 

4153 

3.6183619 

4x88 

3.6220067 

4084 

3.6110857 

4119 

3.6147918 

4154 

3.6184665 

4189 

3.6221104 

4C0  5 

3  611 1921 

4120 

3,6148972 

4155 

3.6185710 

4x90 

3.6222140 

4086 

3,6112984 

4121 

3,6150026 

4156 

3.6186755 

4191 

j.6223 177 

4087 

3.6114046 

4122 

3.615x080 

4157 

3.6187800 

4192 

3.6224213  * 

4088 

3.6115109 

4123 

3.6152133 

4158 

3.6188845 

4193 

3.6225249I 

4089 

3.6116171 

4124 

3.6153187 

4159 

3.6189889 

4194 

3.6226284 

4090 

3.6117233 

4125 

3.6154240 

4160 

3.6190933 

4195 

3.6227320 

4091 

3,6118295 

4126 

3.6155292 

4161 

3.6191977 

4196 

3.62283  55 

4092 

3,61  r  93  56 

4127 

3.6156345 

4162 

3.6193021 

4197 

3*6229390 

4093 

3.6120417 

4128 

3.6157397 

4163 

3.6194064 

4x98 

3.6230424 

4094 

3.612x478 

4129 

3.6158449 

4164 

3.6x95107 

4199 

j. 623 1459 

4095 

3.6122539 

4130 

3.6159501 

4165 

3.6196150 

4200' 3.623  2493 

j 


Num,T 

'Logarithm. 

Nunn  |  Logarithm. . 

Mum.| 

Logarithm. 

4201  : 

5.62(3527 

4236  3 

.6269559 

5.6305296 

43  CO  ; 

.034O74c  ^ 

4202  ; 

5.6234560 

42-37  3 

.6270585 

3-2/2  - 

5.6306312  - 

4307  3 

.5341749 

4203 

5.62355  9+ 

4238  3 

.6271610 

4-273 

5.6307329 

4308  3 

.6342757 

42O4 

5.6236627 

4239,= 

;.  6272634 

4-274 

5.6308345 

4309  3 

.6343765 

4205  |: 

5.6237660 

4240  < 

,.6273659 

4275 

5.63093  62 

43101; 

'.6344773  ■ 

4206 

3.(3238693  1 

4241  : 

5.6274683  ‘ 

4276 

3.63IO377 

4311  = 

.6345780 

4207 

3.6239725  ' 

4242  : 

5.6275706 

42771 

3.6311392 

4312 

5.6346788 

42O8 

3.6240757 

4243 

5.6276730 

4278* 

3.6312408 

4313 

5.6347795 

4209 

3.6241789 

4244 : 

3.6277754 

42^9 

3.6313423 

43H 

3.6348801 

4210 

3.6242821 

4245 

3.6278777 

4280 

3.6314438 

4315 

3.6349808 

4211 

3.6243852 

4246 1 

3.6279800 

428l 

3.6315452 

4316 

3.6350814  . 

42 1 2 

3.6244883 

4247 

3.6280823 

4282 

3.63  I6467 

4317 

3.6351820 

1 

4213 

3.6245915 

4248 

3.6281845 

4283 

3.6317481 

4318 

3.6352822 

T  J 

4214 

3 .6246945 

4249 

3.6282867 

4284I 

3.6318495 

4319 

3.6353836 

4215 

3.624 7976 

4250 

3.6283889 

4285 

3.6319508 

4320j3*6354»37 

4216 

3.6249006 

424I 

3.628491 1 

4286 

3.6320522 

4321 

3.6355843 ! 

4217 

3.6250036 

4252 

3.6285933 

4^87 

3.6321535 

4322 

3.6356848 

4218 

3.6251066 

4253 

3.6286954 

4288 

13.6322548 

4323 

3.6357852 

4210 

3.6252095 

4254 

3.6287975 

4289 

3.6323560 

4324 

3.6358857 

4220 

3.6253124 

4255 

3.6288996 

429O 

3.6324573 

4325 

3.6359861 

4221 

3.6254153 

4256 

3.9290016 

4291 

3.6325585 

4326 

3.6360865 

4222 

3.6255182 

4257 

3.6291036 

4292 

3.6326597 

4327 

3.6361869 

4223 

3.6256211 

4258 

3.6292057 

4293 

3.6327609 

4328 

3.63628  72 

4224 

3.6257239 

4259 

3.6293076 

4294 

3.6328620 

4329 

3.6363876 

4223 

3.6258267 

4260 

3.6294096 

4295 

3.6329632 

4330 

3.6364879 

4226 

3.6259295 

4261 

3:62951 15 

429c 

3.6330643 

4331 

3.6365882 

4227 

3.6260322 

4262 

3.6296134 

429/ 

3.6331653 

43  32 

3.6366884 

4228 

3.6261  350 

4263 

3.6297153 

4298 

3.6332664 

43  3  3 

3.6367887 

422c 

3.6262377 

4264} 

3.9298172 

429S 

3-6333674 

43  34 

r  3.6368889 

423C 

)  3.6263404 

4265 

3.6299190 

430C 

f 

3.6334685 

4335 

3.6369891 

423  I 

3.6264430 

42  66 

>  3.6300208 

1430 

r'  3.-63  3  5694 

433c 

>  3.6370893 

423; 

3.6265457 

4265 

3.6301226 

43  0. 

z  3.6336704 

43  37 

3.637l894i 

423 ' 

3.6266483 

426^ 

$  3.6302244 

430 

3.63  3771 3 

433! 

3.6372895 

423. 

f  3.6267509 

426; 

?  3.6303262 

43  0 

4  3.6338723 

43  3< 

?  3.6373896 

42  3 

3.6268534 

427c 

3  3.6304276 

430 

5  3.63  397 

43  4< 

D  3.63748 97 

* 


Num.T  Logarithm. 

Num.|  Logarithm.^ 

Num.  1  Logarithm. 

Num.  | Logarithm, 

43  4l 

3.6375898 

4376 

3.6410773 

44 11 

3.6445371 

4446 

3.6479695 

43  42 

3.6376898 

4377 

g.6411765 

4412 

3.6446355 

4447 

3.6480671 

4343 

3.6377898 

4378 

3.6412758 

4413 

3.6447339 

4448 

3.6481648 

4344 

3.6378898 

4379 

3.6413749 

4414 

(.6448323 

4449 

3.6482624 

4345 

3.6379898 

4380 

5.6414741 

4415 

3.6449307 

4450 

3.6483600 

4346 

3.6380897 

4381 

3.6415733 

4416 

3.6450291 

4451 

3.6484576 

4347 

3.6381896 

4382 

3.6416724 

4417 

3.6451274 

4452 

3.6485552 

4348 

3.6.382895 

4383 

3-6417715 

4418 

3.6452257 

4453 

3.6486527 

4349 

3.6383894 

4384 

7.6418705 

4419 

3.6453240 

44  54 

3.6487502 

4350 

3.6384893 

4385 

3.6419696 

4420 

3.6454223 

4455 

3.6488477 

43  5 1 

'3.6385891 , 

4386 

3.6420686 

4421 

3.6455205 

4459 

3. 6489452!, 

43  5  2 

3.638 6886 

4387 

5.6421676 

4422 

3.6456187 

4457 

3.6490426 

4353 

3.6387887 

4388 

5.6422666 

44 2 3 

3.6457169 

4458 

3.6491401 

4354 

3.6388884 

4389 

5.6423656 

4424 

3.645  8151 

4459 

3.6492375 

4355 

3.6389882 

4390 

5.6424645 

4425 

3.6459133 

4460 

3.6493349 

4356 

3.6390879 

/ 

4391 

3.6425634 

4426 

3.64601 14 

4461 

3.6494322 

4357 

3.6391878 

4392 

3.6426623 

4427 

3.6461095 

4462 

3.6495296 

4358 

3.6392872 

4393 

3.6427612 

4428 

3.6462076 

4463 

3.6496269 

4359 

3-6393869 

4394 

3.6428601 

4429 

3.6463057 

4464 

3.6497242 

4360 

3.6394865 

4395 

3.6429589 

4430 

3.6464037 

4465 

3.6498215 

4361 

5.6395861 

4396 

3.6430577 

4431 

3.6465017 

44  66 

3.6499187 

4362 

3.6396857 

4397 

3.6431565 

4432 

3.6465997 

4467 

3.6500160 

4363 

3.6397852 

4398 

3.6432552 

4433 

3.6466977 

4468 

3.6501132 

4364 

3.6398847 

4399 

3.6433540 

4434 

3.6467957 

4469 

3.6502104 

436? 

36399842 

4400 

3.6434527 

4435 

3.6468936 

4470 

3.6503075 

43^6 

3.6400837 

440 1 

3.6435514 

4436 

3.64-699 1 5 

447 1 

3.6504047 

4367 

3.6401832 

4402 

3.6436500 

4437 

3.6470894 

4472 

3.65050 !  8 

4368 

3.6402826 

44°3 

3.6437487 

4438 

5.6471873 

4473 

3.6505989 

4369 

3.6403  820 

44°4 

3.6438473 

4439 

2.6472851 

4474 

3.6506960 

4370 

3.6404814 

4405 

3.6439459 

• 

4440 

• 

3.6473830 

4475 

3.6507930 

4371 

3.6405808 

4406 

3.6440445 

444 1 

3.6474808 

447*5 

3.6508901 

4372 

3.6406802 

4407 

3.6441430 

4442 

3.6475785 

4477 

3.6509871 

4373 

3.6407795 

4408 

3.6442416 

4443 

3.6476763 

4478 

3.6510841 

4374 

3.6408788 

4409 

3.6443401 

,#444 

3.6477740 

4479 

3.6511811 

4375 

3.6409781 

44<io 

3.6444386 

4445 

3.6478718 

4480 

3.6512780 

Num.l  Logarithm. 

Num.i  Logarithm . 

4481 

3.6513750 

4516 

3-954753  9 

4482 

3.6514719 

45 1 7 

3.6548501  * 

4483 

3.65I5687 

4518 

$.6549462 

14484 

3.6516656 

4519 

3.6550423 

4485' 

3«65  17624 

O 

4520 

3.6551384 

4486 

3.6518593 

4521 

3.6552345 

14487 

3.6519561 

4522 

$.6553306 

4488 

3.6520528 

+523 

3.6554266 

4489 

3.6521496 

4524 

$.6555226 

4490 

3.65  22463’ 

4525 

3.6556186 

4491 

3.6523430 

4526 

3.6557145 

4492 

3.6524397 

•4S27 

3.6558105 

4493 

3.6525364 

45  *8 

$.6559064 

4494 

3.6526331 

4529 

3.6560023 

4495 

3.6527297 

4530 

3.6560982 

4496 

3.6528263 

4531 

3.6561941 

4497 

3.6529229 

4532 

3,6562899 

4498 

3.6530195 

4533 

3.6563857  i 

4499 

}.653Il60 

4534 

3.656481 5 

4500 

3.6532125 

4535 

3.6565773 

4501 

3.6533090 

4536 

3.6566730 

4502 

j.653'4°55 

4537 

3.6567688 

45°3 

3.6535019 

4538 

3.6568645 

4504 

3.6535984 

4539 

3.6569690 

4505 

• 

3.65  3  6948 

4540 

3.6570558 

4506 

3.6537912 

4541. 

3.6571515 

•4507 

3.6538876 

4542 

3.6572471 

4508 

13.6539839 

4543 

3.6573427 

450$ 

$.6540802 

4544 

3.6574383 

4ji° 

3-<554i765 

4545 

3-657533  9 

45  11 

3.6542728 

4546 

3.6576294 

4512 

3.6543691 

4547 

3.6577250 

45 r  3 

3.6544653 1 

45.4& 

3.6578205 

4514 

$.6545616 

4549 

3.6579159 

4-515 

3.6546578 

45501 

?.65&qi  t4  ! 

Num.|  Logarithm, 

45  5 1 

4552 
+553 

4554 

4555 


4556 

4557 

4558 

4559 
45  60 


4561 

4562 

4563 

4564 

4565 


4566 

4567 

45*58 

45<59 

457° 


4571 

4572 

4573 

4574 
•4575 


4576 

4577 

4578 

4579 

4580 


3.65.81068 

7.6582023 

3.6582976 

3.6583930 

3.6584884 

5.6585837 

3.6586790 

3.6587743 

3.6588696 

3.6589648 

3.6590601 
?.<559i  553 

3.6592505 

3.6593456 

3.6594408 


3*659?359 

3.6596310 

3.6597261 

3.6598212 

3.6599162 


4581 

4582 

4583 

4584 


3.66001 12 
3.6601062 
3.6602012 
3.6602962 
3.6603911 

3.6604860 

3.6605809 

3.6606758 

3.6607706 

3.660E655 

3.6609603 

3.6610551 

3.6611499 

3.6612445 

7.6613393 


Nuni.j  Logarithm. 

4586 

3.6614340 

^587 

3.6615287 

4588 

3.6616234 

4589 

3,6617181 

4*90 

3.6618127 

4591 

3.6619073 

4592 

3,66200 19 

4593 

3.6620964 

4594 

3.6621910 

4595 

3.6622855 

4596 

3.6623800 

4597 

3.6624745 

4598 

3.6625690 

4599 

3.6626634 

4600 

3.6627578 

4601 

$.662852$ 

4602 

3.6629466 

4603 

3.6630410 

4604 

3.6631353 

4605 

3.6632296 

4606 

3.6633239 

4607 

3.6634182 

4608 

3.6635125 

4609 

3.6636067 

4610 

3.6637609 

461 1 

3.6637951 

4612 

3.6638893 

4613 

3.6639835 

4614 

3,6640776 

4615 

3  6641717 

■■■  U  -11 

4616 

3.664265^ 

4617 

3.6643599 

4618 

3  6644539 

4619 

3 664548c 

4620 

664642c  • 

N  um  |  Logarithm, 

Num.[  Logarithm, 

Num.j  Logarithm, 

ISuni.T  Logarithm. 

4621 

4622 

4623 

4624 

4625 

3,6647360 

3.6648299 

36649239 

3.6650175 

3,66511 1 7 

4656 

4657 

4658 

4659 

4660 

3.6680  i  30 
3.6681062 
3.6681995 
3,6682927 
3.6683859 

4691 

4692 

46<S>3 

4694 

4695 

4696 

4697 

4698 

4699 

4700 

3.6712654 
3.671 3580 
3.6714506 

?.67i543i 

3.6716356 

4726 

4727 

4728 

4729 

4730 

4731 

4732 

4733 

4734 

4735 

3.6744937 

3.6745856 

3.6746775 

3.6747693 

3.6748611 

4626 

4627 
462^ 

4629 

4630 

3.6652056 

3.6652993 

3.6653934 

3.6654873 

3.6655810 

4661 

4662 

4663 

4664 

4665 

3.6684791 

3.6685723 

$.6686654 

3.6687585 

3.6688516 

3.6717281 

3.67l8206 

$.6719130 

3.6720054 

3.6720979 

3.6749529 

3^750447 

3.6751365  / 

3.6752283 

3.6753200 

4631 

4632 

4633 

4634 

4635 

3.6656748 
3.6657685 
?. 6658623 
3.6659560 
3.6660497 

4666 

4667 

4668 

4669 

4670 

$.6689447 
3.669  0378 
$.6691308 
3.6692239 
3.6693  169 

4701 

4702 

4703 

4704 

4705 

$.672190$ 

3.6722826 

3.6723750 

3.6724673 

3.6725596 

4736 

4737 

473  8 

4739 

4740 

3.6754117 

3*6755034 

3.6755951 

3.6756867 

3.6757783 

4636 

4637 
463  s 

4639 

4640 

3.6661434 

3.6662371 

3.6963307 

3.6664244* 

$.6665180 

4671 

4672 

4673 

4674 

4675 

3.6694099 

3,6695028 

3.6695958 

3.6696887 

$.6697816 

4706 

4707 

4708 

4709 

4710 

$•6726519 

$.6727442 

$.6728365 

3.6729287 

3.6730209 

4741 

4742 

4743 

4744 

4745 

$.6758700 

3.6759615 

3.67605$I 

3.676I447 

£.6762362 

4641 

4642 

4643 

4644 

4645 

4646 

4647 

4648 

4649 
465c 

?. 6  6  661 16 
3.6667051 
3.6667987 
3.6668922 

3 .6669857 

4676 

4677 

4678 

4679 

4680 

4681 

4682 

4683 

4684 

4685 

3.6698745 
3.6699674 
3.6700602 
3.6701 530 
3.6702459 

3.6703386 

3.6704314 

3.6705242 

3.6706169 

3.6707096 

4711 

4712 

47 1 3 

47 1 4 

4715 

3.6731131 

3.6732053 

3.673  2974 
3.6733896 
3.6734817 

4746 

4747 

4748 

4749 

4750 

3.6763277 

3.6764192 

3.6765106 

3 .6766022 
3.6766936! 

'  i 

3,6670792 

3.6671727 

7.6672661 

3.6673595 

3.6674530 

4716 

4717 

4718 

47 1 9 

472C 

3.6735738 

7.6736659 

*•<5737579 

3.6738500 

3.6739420 

475 1 

4752 

4753 

4754 

4755 

3.676785c 

3.6768764 

3,676967^ 

3,677059- 

3.6771505 

'4851 

4652 

i<5)3 

465^ 

463  <; 

S. 667  5  46  3 
'.6676397 
r.6677331 
3.6678264 

2.6679197 

4686 

4687 
468^ 
4685 
469C 

$.6708023 
3.6708950 
3.6709876 
)  3.6710802 
>  3.6711728 

4721 

4722 

47^3 

47^4 

;4725 

3.-6740340 
3.6741 260 
3.6742179 
3.6743099 
7.6744018 

475 6 

4757 
1  475^ 

4755 

476c 

3.677241 8 

345773332 

3.677424^ 
3, 6775157 
3.6776069 

<N um-i  Ivgdritbm. 

Num.J  Lsgdrhbm. 

Num. 

f  Logarithm 

Num.  1  Logarithm,  j 

4761 

4762 

4763 

4764 
476s 

3.6776982 

3-6777894 

3.6778806 

3.6779718 

3.6780629 

4796 

4797 

4798 

4799 

4800 

J.6808792 
3.6809697 
3.681060  2 
3.6811507 
3.6812412 

4831 

4832 

4833 

4834 

4835 

3.0^46370^ 
3.6841269 , 
3.6842168 
?.6843  066 
3.6843965 

4&66 

4867 

4868 

4869 

4870 

3.6871721 
3.6872613 
3.6873  506 
3.6874398I 
3.6875290 

4766 

4767 

4768 

4769 
4770’ 

3.6781540 

3.6782452 

3.6783362 

3.6784273 

7.6785184 

4801 

4802 

4803 

4804 

4805 

4806 

4807 

4808 

4809 

4810 

3.6813317 

3.6814222 

3.68i5I26 

3.6816030 

3.6816934 

4836 

4837 

4838 

4839 

4840 

3.6844863 

3.6^45761 

3.6846659 

3.6847556 

3.6848455 

4871 

4872 

4873 

4874 

4875 

4876 

4877 

4878 

4879 

4880 

3.6876181 

3.6877073 

3.6877964 

3.6878855 

3.6879746 

4-77 1 
+772 
4773 
1774 
4775 

5.6786094 

3.6787004 

3.6787014 

3.6788824 

3.6789734 

3.6817858 

3.6818742 

3.6819645 

3.6820548 

3.6821451 

4841 

4842 

4843 

4844 

4845 

3.6849351 

3.6850248 

3.6851145 

3.6852041 

3.6852938 

3 .6880637 
3.6881528 
3.6882418 
3.6883308 
§.6884198 

+776 
4 777' 

4778 

+779 

4780 

3.6790643 

3.6791552 

3.6792461 

3.6793370 

3.6794279 

4811 

4812 
4813* 

4814 

4815 

3.6822354 
3.6823256 
3.68241  59 
3*6825061 
3.682596  3 

4846 

4847 

4848 

4849 

4850 

3.6853834 

3.6854730 

3.6855626 

3.6856522 

3.6857417 

4881 

4882 

4883 

4884 

4885 

3.6885088 
3.688597  8 
3.6886867 
3.6887756 
3.6888646 

4781 

4782 

4783 

4784 

4785 

3.6795 1 87 
3.6796096 
3.6797004 
3.6797912 

3  6798819 

4816 

4817 

4818 

4819 

4820 

3*6826865 
3.6  827766 
3.6828668 
3.6829569 
3.6830470 

4851 

4852 

4853 

4854 

4855 

3.6858313 

?.68592o8 

3.6860103 

3.6860998 

3.6861892 

4886 

4887 

4888 

4889 

4890 

3.6889535 
3.6890423 
3.68913 12 
3.6892200 
3.6893089 

4786 

4787 

4788 

4789 

4790 

36799727 

3.6800634 

3.6801541 

3.6802448 

3.6803355 

4821 

4822 

4823 

4824 

4825 

5.6831371 

3.6832272 

3.6833173 

3.683407? 

3.6834973 

4856 

4857 

4858 

4859 

4860 

7.6862787 

?.686368i 

3.6864575 

3.6865469 

3.6866363 

4891 

4892 

4893 

4894 

4895 

3.6893977 

3.6894864 

3.6895752 

3.6896640 

3.6897527 

4791 

4792 

4793 

4794 

4795 

3.6804262 

3.6805168 

3.6806074 

3.6806980 

3.6807886 

4826 

4827 

4828 

4829 

4830 

3.6835873 

3.6836773 

3.6837673 

•3.6838572 

3.6839471 

4861 

4862 

4863 

4864 

4865 

3.6867256 

3.6868149 

3.6869043 

3.6869936 

3.6870828 

4896 

4897 

4898 

4899 

4900 

3.6898414 

3^899301 

3.6900188 

3.6901074 

3.6901961 

Rrrrr  z 


Num.j 

Logarithm. 

Num.f  Logarithm. 

Nura.  I  Logarithm 

Nimi.  [Logarithm. 

4901  : 

(.6902847 

4 93  & 

3.6933752 

497 1 

3.6964438 

5006 

3.6994908 

4902 

5.6903733 

4937 

5.6934631 1 

4972 

3.6965311 

5°°7 

3.6995776 

4903 

(06904619 

4938 . 

5.6935511 

4973 

3.6966185 

5008 

3.6996643 

49°  4 

5.6905505 

4939 

3.6956390 

4974 

’.6967058 

5009 

3.6997510 

4905  ii 

(.6906390 

4940 

5.69372  69 

4975 

3.696793 1 

5010 

3.6998377 

4906 

3.6907275 

494 1 

3.6938148 

4976 

3.6968804 

5011 

3.6999244 

1490/ 

3.6908161 

4942 

3.6939027 

4977 

3.6969676 

5012 

3.70001  I  I 

4908 

3.69  09046 

4943 

(,6939906 

4978 

5.6970549 

5013 

3.7000977 

4909 

(.6909930 

4944 

3.6940785 

4979 

3.6971421 

5014 

3.7001843 

4910 

3.6910815 

4945 

3.6941663 

4980 

3.6972293 

5oi5 

3.7002709 

4911 

3.6911699 

4946 

3.6942541 

4981 

3.6973 165 

5016 

3.7003575 

4912 

3.6912584 

4947 

3.6943419 1 

4982 

3.6974037 

5017 

3.7004441 

4913 

3.6913467 

4948 

3.6944297 

4983 

3.6974909 

5018 

3.7005307 

4914 

3.6914352 . 

4949 

3.6945174 

4984 

3.6975780 

5019 

3.7006172 

4915 

3.6915235 

495° 

3.69  46052 

4985 

3.6976652 

5020 

3.7007037 

4916 

3.69161 19 

4951 

3.6946929 

4986 

3.6977523 

5021 

3.7007902 

1^917 

3.69  T  7002 

4952. 

3.6947806 

4987 

3.6978394 

5022 

3.70087671 

4918 

3.6917885 

4953 

3.6948683 

4988 

3.6979I64 

5023 

37009632 

4919 

3.6918768 

4954 

3.694956° 

4989 

3.6980135 

5024 

3.7010496 

4920 

3.6919651 

4955 

3.6950437 

4990 

3.6981005 

5025 

3.7011361 

4921 

3.6920534 

4956 

5.6951313 

4991 

3.6981876 

5026 

3.7012225 

4922 

3,6921416 

4957 

3.6952189 

4992 

3.6982746 

5027 

?.7013089 

4923 

3.6922298 

4958 

J.6953065 

4993 

3.698  3616 

5028 

3.7013952 

|4924 

3.6923180 

4959 

3.695  3941 

4994 

3.6984485 

5029 

3.7OI4816 

4925 

3  6924062 

4960 

7.6954817 

4995 

3.6985355 

5030 

J.7OI568O 

4926 

3.6924944 

4961 

3.6955692 

4996 

3.6986224 

S°3J 

\7016543 

49 2 7 

3,6925825 

4962 

3.6956568 

4997 

3.6987093 

5032 

37017406 

4928 

3,6926707 

4963 

.3.6957445 

4998 

£6987963 

5°3  3 

3.70l8269 

4929 

3,6927588 

4964 

3.6958318 

4999 

3.6988831 

5034 

3.7019132 

493  c 

>  3.6928469 

4965 

3.6959193 

500c 

1 

3.6989700 

s°35 

3.7019995 

493 1 

4.692935° 

496  c 

3.6960067 

1  5001 

3.6990569 

5°3( 

3.7020857I 

|4932 

3.6930231 

4967 

3.6960942 

|  500: 

3.6991437 

5037 

r  3*702I7l9r 

4933 

£<3931111 

496c 

3.6961816 

1  5003 

3.6992305 

5°3  i 

S  3.7022  582 

!  f93- 

3.6931991 

4965 

)  3,6962690 

500^ 

3.6993173 

5°iS 

3.7023444 

493  S1 3.6932872 
*r — - — 

497c 

113.6963564 

5003 

;  7.6994041 

1  5°4c 

3.7024305 

iNum.i  Logarithm, 


5041 

5042 

5043 

5044 

5045 


3.70251 67 

3.7026028 

3.7026890 

3.7027751 

3.7028612 


5046 

5°47 

5048 

5049 

5050 


3.7029472 

3.70303  3  3 
3.7031193 
3.7032054 


5051 

5052 

5053 

5054  3.703  6352 


5055 


5056 

f°57 

5O58 

5°  59 
5060 


3.7037212 


5061 3.7042363 


5062 

5063 

5064 

5065 


3.704322 


5066 

5067 

5068 

5069 

S°7° 


5071 


5072 

5073 

5074 
5275 


3.7050936 


f4um  T  Logarithm.  N 

5076  3 

.70552x6  51 

5077  3 

.7056072  5: 

5078  3 

,.7056927  5 

5079  1 

1.7057782 .5 

5080  t 

V-N  1 

m  1 

N© 

CO 

0 

• 

5081  : 

5.7059492  5 

5082 

5.7060347  5 

5083 . 

5.7061201  1  5 

5084 

3.7062055  I  5 

5085 

3,7062910  5 

5086 

3.7063764  5 

5087 

3.7064617  5 

5088 

3.7065471  5 

»  5089 

3.7066324  5 

5090 

3.7067178  5 

5091 

3.7068030 1 : 

)  *092 

3.7068884 1 . 

5093 

3.7069737  . 

7  1  5094 

3.7070589 

5  5095 

3.7071442  . 

3  5096 

3.7072294 

1  5097 

3.7073 146 

0  ^098 

3.7073998 

7  5099 

3.7074850 

4  5 100 

3.7075702 

2  5101 

3.707655? 

9  5102 

,3.7077405 

6  5io3 

3.7078256 

2  5104 

3.707  9I07 

0  510^ 

3.7079957 

6  5I0< 

5  3.7080808 

>2  510: 

3.7081659  • 

1-9  5 101 

3  3.7082509 

>5  j  51®! 

?  3.7083359 

;of  5X1' 

D  3^7084209 

*  — 

‘N\}m.\Lo£Aritfm. 


3.7085059 

3.7085908 

3.7086758 

3.7087607 

3.7088456 


Num.T  Logarithm, 


5x46 

5H7 

5148 

5X49 

5X5° 


3.7^469^ 

3.7115542 
3.7116385 
3.7117229 
3.711807  2 


3.7089305 
37090154 

5ii8|37°9xoo3 

3.7091851 
3.7092700 


5151 

5152 

5X53 

5X54 

5X55 


3.71 18915 
3.7U9759 

3.7120601 

3,7121444 

3.7122287 


3.7093548 

3.7094396 

3.7095244 

3.7096091 

3.7096939 


5126 


3.7097786 
512713.7098633 
— n  3.7099480 
3.7100327 
3.7101174 


5156 

5 1 57 

5^8 


3.7123x29 

3.7123971 

3.712481? 


5159  3.7^5655 

5160  3.7126497 


5161 

5162 
5163 

5x64 

5165 


S1 33 
S!34 


3.7102020 

3.7102866 

3.7103713 

3.7104559 


3.7126497 


3.7127339 

3.7128180'; 

3.7129021! 

3.7129862! 

3.7130703) 


5145  3.7I054°4 


5136 

51 37 

5138 

5139 

5140 


3.7X06250 
3.7107096 
3.7  1  °794I 
3.7IO8786 
3.7IO963I 


5141 ,3.71  i0476 
3.71x1321 

3.7112165 

3.711301° 
3.7113854 


51 66 

5167 

5168 

5169 

5170 


3.71 31544 

3.7132,385 

3.7133225 

3.7134065 

3.7 1 3  4905, 


5171 

5172 

5173 

5J74 

5175 


3.7135745 

3.7136585 

3-7 1 37425 
3.7138264 
3.7 1 39104 


5143 

5144 

514-5 


3.7139943 

3.7140782 

3.7141620 

3.7142459 

3.7143298 


•  tm  (MT  W 


Num. 

1  Logarithm. 

Kum.T  Logarithm. 

53  21 

3-7259933 

53S<> 

3.728840  6 

5322 

3.7260749 

5357 

3.7289216 

5323 

3.7261365 

5358 

3.7290027 

|5324 

3.726^380 

5359 

3.7290838 

5325 

• 

3.7263196 

5360 

3.7291648 

5326 

3.7264012 

53<5i 

3.7292458 

J327 

?.7264827 

53*52 

3.7293268 

3328 

7  265642 

5363 

3.729407s 

3329 

3.7266457 

3364 

3.7294888 

3330 

*7267272 

5363 

3.7295697 

33  31 

3.7268087 

5366 

.3.7296507 

5332 

3.7268901 

3367 

3.7297316 

5333 

,3.7269716 

5368 

3.7298125 

53  34 

•3.72705  3 1 

3369 

3.7298934 

53  35 

3.7271344 

5370 

3.7299743 

3336 

3.7272158 

3371 

3.7300551 

15337 

3.7272972 

537* 

-3.730136O 

*3338 

3.7273786 

S373‘ 

3.7302168 

3339 

3-7274599 

S3  74 

3.7302977 

5340 

1-7275413 

3373 

3-7303785 , 

5341 

37276226 

357s 

3-7304593 

5342 

3.7277039 

3377 

3.7305400 

5343 

3.7277852 

3378 

•3.7306208 

S  34-4 

?..727  8664 

3379 

3.7307^15 

5345 

3.7279477 

5380. 

3.7307823 

3345 

3.728029O 

538i 

7.7308630 

5347 

3.7281  IOIA 

3382 

3.7309437 

is  348 

3.728191-4 

3383 

*7310244 

5349 

3.7282726 

3384 

3.7311551 

535° 

5.7283  538 

3385 

3.7311857 

5351 

3.7284349 

5386 

3.73 12-663 

53  52 

?.7285i6i 

J387 

*7313470 

33  3  3- 

3.7283972 

3388 , 

3.7314276 

3334 

3.72807% 

53893.7315082 

13  35 

l-'7282i95  1  5390!  373 

Numj  Logarithm. 

Num. 

I  Logarithm. 

$391 

3.7316693 

5426 

5.73447*98 

5392 

3-73 17499 

5427 

3.7345  598 

,  5393 

3.7318304 

5428 

*6346398 

5394 

3.7319109 

5429 

3.7347  <98 

5393 

3.7319914 

5430 

3.7347998 

5396 

3.7320719 

S43i 

3.7348798 

5397 

3.7321524 

5432 

3-7349398 

5398 

3.7322329 

543  3 

3-7350397' 

5399 

3-7323I33 

5434 

3.7551196 

5400 

3-7323938 

5435 

3-7351995 

5401 

3.7324742 

5436 

3-73  52794 

5402 

3.7325546 

3437 

3-73  33593 

5403 

3.7326350 

5438 

3-7354392 

1  5404 

*7327I$3 

5439 

3-73  5  5191 

5405 

3-7327957 

5440 

3.7333989 

5406 

*7328760 

5441 

3.73  36787 

-5407 

3.7329564] 

3442 

3.7357585 

5408 

3.7330367 

5443 

3.7358383 

5409 

3.7331x70 

5444 

3-7339181 

5410 

3.73  3I973 

5445 

3-73  59979 

S411 

3-73  32775 

5446 

3.73  60776: 

5412 

5-73  33378 

3447 

3.7361574 

54i3 

3.7334380 

5448 

3.7362371 

54H 

3-73  33 181 

5449 

3.7363168 

3415 

3.7335985 

5450 

3.7363965 

5416 

3-7336787 

5451 

3.7364762 

5417 

3.73  3"7588 

5452 

3.7365558 

5418 

'•73  38990 

5453 

3-7366355 

5419 

3-7339191 

5454 

37567151 

5420 

7-7339993 

S455 

3.7367948 

5421 

3-7340794 

3456 

3.7368744 

5422 

3-7341593 

5457 

3.7369540 

3423 

3.7342396 

5458 

3.7370335 

5424 

3.7343197 

5459 

3-737ii3i 

5423 

3-7343997 

5460 

3.737x926 

M  n m  t  I  ns/iritbm* 

Num.  I 

5216  ; 

5217  . 

.52 18 
52(9 
5220 

I 

$221. 

5222 

$223 

5224 

5225 

’Lozdrithm. 

Num.l  LwAritbm. 

5 1  B.f  ! 

5182 

5183 

5184 

5igy 

S.7I44136 

•7 1 44974 
3.7145812 
3.7146650 
3.7147488 

3.7*73  376 
3.7x74208 
3.7175041 
3.7175873 
3.7276705 

5251 

5252 

5 1 5  3 

5254 

5255 

3.7202420 

3.7203247 

3.7204074 

3.7204901 

3.7205727 

5286 

5287 

5288 

5289 

5290 

3.7231272 

3.7232093 

3.7232914 
3.623  3736 
3.7234557 

<186 

5187 

5188 
'5189 

519° 

3f*i  91 

5192 

5*93 
Sx94 
5 1 95 

3.7148325 

3.7149x62 

3.7150000 

3.7150837 

3.7151674 

3*7*77517 
3.7178369 
3.7179200 
3.7180032 
3.7 180863 

5256 

5257 

5258 

5259 

5260 

3.7206554 

3.7207380 

3.7208206 

3.7209032 

3.7209857 

5291 

5292 

5293 

5294 

5295 

3.7235378 

3.7236198 

3.7237019 

3.7237839 

3.723  8660 

3.71 525 10 

3-7253  34-7 
3.715418; 
3.7155019 
3.7155856 

5226 

5227 

J228 

5329 

5230 

5231 

5232 

5233 

5234 

5235 

3.7181694 

3.7182525 

3.7183356 

3.7184186 

3.7185017 

5261 

5262 

5263 

5264“ 

5265 

3.721068? 
3.7211508  J 

3.7212334 

3.7213159 

3.7213984 

5296 

5297 

5298 

5299 

5300 

3.7239480- 

3.7240300 

3.7241 120 

3.7241939 

37242759 

5196 

5197 
'%  1 98 

5199 

5200 

5201 

5202 

5203 

5204 
>205 

5206 

5207 

5208 

5209 

5210 

3.7156691 

3*7X57?27 

3.7158363 

3.7159198 

3.7160033 

3.7185847 

3.7186677 

3.7187507 

3.7188337 

3.7189167 1 

52  66 

5267 

5268 

5269 

5270 

3.7214809 

3.7215633 

53.7216458 

3.7217282 

3.7218106 

5301 

5302 

5303 

5394 

5305 

3.7143578 

3.7244397 

3.7245210 

3.724603.5 

3.7246854 

3.7160869 

3.716x703 

3.7162538 

3-7i<53  373 
3.7 1 64207 

5236 

5237 

5238 

5239 

5240 

3.7189996 

3.7190826 

37 19*655 
3.7192484 

3  -7 1 93  3 1 3 

5271 

5272 

5273 

5274 

5275 

3.7218930 

3.7219754 
3.7220578 
3.722 1 40 1 
3.7222225 

5306 

5307 

5308 

5309 

53 10 

3.7247^72 

3.7248491 

3.7249309 

3.7250127 

3.7250945 

3.7165042 

3.7165876 

3.7166710 

3-7 1 67544 
3.7168377 

5241 

5242 

5243 

5244 

5245 

5246 

5247 

5248 

5249 
T25C 

3.7194142 

3.719497° 

3-7r95799 

3.7196627 

3-7I97455 

5276 

5277 

5278 

5279 

5280 

3.7223048 

3.722.3871 

3.7224694 

3.7225517 

3.7226339 

53 1 1 

5312 

5313 
53H 
5335 

3,7251763 
3.7252581 
372,53  398 
3  775 43 1 5 
37255933 

5211 

*212 

■JM3 

;2I4 
'f  2.15 

3.7569211 

3.7170044 

3.7170877 

.3.7171710 

3.7I72543 

3.7198283 

3.7199m 

3.7J99938 

3.7200 766 
3.7201593 

5281 

5282 

5283 

5284 

5285 

3.72.27x62 

3.7227984 

3.7228806 

3.7229628 

3.7230450 

5316 

5317 

5318 
5  ?x9 

5  320 

3.7255850 
3.725 ,6667 
3.7257483 
3.7258300 
3.7259116] 

Num. 

1  Logarithm. 

Nura.f  Logarithm* 

5  40 1 

$.7372722 

5496 

3.74OO467 

5462 

?-7373517 

5497 

3.7401257 

*4^3 

3t73743'* 

5498 

3.74O2O47 

5464 

$.7375107 

S499 

3.740283  7 

5465 

$•7375902 

55QO 

^.7403627 

5466 

$.7376696 

5501 

3.7404416 

54671 

$•7  3  7749 1 

5502 

3.7405206 

5$  68 

3.7378485 

5JP3 

3.7405995 

5469 

$•7379079. 

5504 

3.74O6784 

5470 

3.7379873 

'  .  * 

5505 

$.7407573 

5471 

3.73  80667 

5506 

3.7408362 

5472 

3.7381461: 

5507 

3.7409151 

5473 

$.7382254 

5508 

$.7409939 

15474 

?.7383  048 

55®9 

3.7410728 

5475 

3.7383841 

5510 

3.74I  1516 

5476 

3.7384634 

55ii 

3.7412304 

5477 

3.7385427 

5512 

3.7413092 

5478 

5.7386220 

5513 

3.7413  880 

5479 

$.7387013 

,55H 

3.7414668 

5480 

5.7387806 

5515 

3.7415455 

5481 

3.7388598 

5516 

3.7416243 

5482 

3-7389390 

5Ji7 

3.7417030 

5483 

?.7390i82 

55i8 

3.7417817 

5484 

5.7390974 

55'9 

3.74186O4 

>485 

$.7391766 

55201 

37419391 

5486 

3.7392558 

5521 

3.7420177 

5487 

5.7393350 

5522 

3.7420964 

5488 

3.7394141 

5523 

7.7421750 

5489 

$■7394932 

5524 

3.74J2537 

5490 

3.7395723 

5525 

3.7423  323 

5491 

2.7396514 

5526 

3.7424109 

5492 

3.7397305 

5527 

3.7424895 

5493 

3.7398096 

5528 

3.742  5680 

5494 

3.739888  6 

5529 

3.7426466 

mi 

2.7399677 

553° 

3.7427251 

Num.f  Logarithm. 

Num  j  Logarithm 

5531 

5532 

5533 

5534 

5535 

3.7428037 

$.7428822 

$.7429607 

$•74303*2 

$.7431176 

5566 

5567 

5568 

5569 

5570 

3-745543  2 
3.7456212 
3*7456992 
3.7457772 
3.7458552 

5536 

5537 

5538 

5539 

5540 

554' 

5542 

•5543 

5544 

5545 

3.7431961 

$.7432745 

3.7433530 

3.7434314 

3.7435098 

5571 

5572 

5573 

5574 

5575 

?-7459332 
*.74601 11 
3.7460890 
3.7461670 
3.7462449 

$.7435881 

$.7436665 

3-7437449 

$.7438232 

$.7439015 

5576 

5577 

5578 

5579 

5580 

5.7463228 

3.7464006 

$.7464785 

3.7465564 

$.7466342 

1 

' 

5546 

5547 

5548 

5549 

5550 

3-7439799 

$.7440582 

’-744 1 3  6  J 
$.7442147 
3.7442930 

5581 

5582 

5533 

5584 

5585 

2.7467120 

*•7467898 

3.7468676 

2.74694*4 

2.7470232 

5551 

55*2 

55*3 

5  5*4 
*5*5 

3-7443  7 12 
$.7444495 
3-7445  ^77 
3.7446059 

3.7446841 

$586 

5587 

5588 

5589 

5590 

3.7471009 
3.747'787 
3-7472564 
3.7473  34' 
$.7474118 

5556 

5557 

5558 

5559 

5560 

3.7447622 

3.7448404 

3.7449185 

3.7449967 

3.7450748 

5591 

5592 

5593 

5594 

5595 

3.7474895 

$.7475672 

3.7476448 

$.7477225 

3.7478001 

5561 

5562 

5563 

5564 

5565 

3.7451529 

$.7452310 

3.7453091 

3.7453871 

$.7454652 

5596 

5597 

5598 

5599 

5600 

3-7478778 

3-7479553 

$.7480329 

$.7481105 
3.7481 880 

. 


Num  Logarithm. 

56OI  3.7482656 

560s  3.748343  I 
5603  3.7484206 
5604)3.7484981 
5605  3.7485756 


5606 

5607 

5608 

5609 

5610 


5611 

5612 

5613 

5614 

5615 


3.7486531 

3.7487306 

3.7488080 

3.7488854 

3.7489629 

3.7490403 

3.7491177 

3.749195° 

3.7492724 

3.7+93498 


5616 

5617 

5618 
>619 
)620 


5621 
)  622 

5623 

5624 

5625 


3.7494271 

3.749504+ 

3.7495817 

3.749659° 

3.7497363 


3.7498136 
3.7498908 
3.7499681 

3.7500453 
3.7501  *2-5 

3.7501997 

3.7502769 
3-7503541 
3-750+3  12 
3.7505084 

5631  3-7505855 

5632 
563  3 

563+ 
5635147508939 


5626 

5627 

5628 
,-629 

J630 


Num  r  Logarithm . 

Num  .{Logarithm.  __ 

Num.)  I 

5636I: 

3.7509709 

5671  : 

5.7530596 

5706  3 

5637 : 

5.7510480 

S672  : 

5.7537362 

5707  3 

5638 . 

3.7511251 

5673 

5.7538128 

5708  3 

5639 

5.7  5 1 202 1 

5674 

5.7538893 

5709  3 

5640 

3-75I279i 

5675 

3.7539659 

57x0  3 

5641 

3.7513561 

5676 

3.7540424 

57n  5 

5642 

3*7  5 1 43  3 1 

5677 

3.7541x89 

57 1 2  3 

5643 

3.75151^0 

5678'j 

3-7541954 

57131? 

5644 

3.7515870 

5679 

3.75427I9 

57H  3 

5645 

3.7516639 

5680 

3-7543483 

5715  3 

5646 

3.7517409 

5681 

3.7544248 

.5716  3 

5647 

3.7518178 

5682 

3-7545012 

5717  3 

5648 

3.751894? 

5683 

3-7545777 

5718  3 

5649 

3.75197x6 

5684 

3-754654I 

5719  3 

5650 

3.7520484 

5685 

3-7547305 

5720  3 

5651 

3.7521253 

5686 

3.7548069 

5721  3 

5652 

3.7522022 

5687 

3.7548832 

57^2 

5653 

3.7522790 

5688 

3-7549)96 

5723  . 

5654 

3.7523558 

5689 

3.7550359 

5724  . 

5655 

3.7524326 

5690 

3.755'i23 

5725  . 

5656 

3.7525094 

5691 

3.7551886 

5726^ 

5657 

3.7525862 

5692 

3.7552649 

5727 

5658 

3.7526629 

5693 

3.7553412 

5728 

5659 

3.7527397 

5694 

3>7554I75 

5729 

566O 

^.7528164 

5695 

1 

3-7554937 

5730 

566l 

3.7528932 

5696 

3.7555700 

573  1 

5662 

3.7529699 

5697 

3.7556462 

5732 

5663 

3.7530466 

.  5698 

3.7557224 

5733 

r5664 

3.7531232 

5699 

37557987 

5734 

5665 

3-75?  *999 

5700 

3.7558749 

5735 

5  666 

3.7532766 

5701 

3.7559510 

5736 

5667 

3.7533532 

5702 

3.7560273 

5737 

566S 

3.7534298 

5703 

3756i°34 

5738 

5669 

3.753  5065 

5703 

3.7561795 

5739 

567c 

3.753583  1 

5705 

3.7562556 

5740 

3.7581  546 


3.7582304 

3.7583062 

3.7583§I9 

3.7584577 

3.758533-3 


8  f  11  f 


3. 7  5  8609  T 

3.758684^ 
3.75876O5 
3.758836: 

37589ITC) 


! 


Num.j  Logarithm. 

Num.j  Logarithm . 

iNum.i  logarithm. 

iNum.r  I  nerAvitU*. 

574' 

S74-2 

5745 

5744 

5745 

?*75a9&75 

3.7590632 

3.7591388 

3.7592144 

3.7592900 

5776 

5777 

5778 

5779 

5780 

3.7616272 

3.7617024 

3.7617775 

3.7618527 

3.7619278 

5811 

5812 

5813 

5814 

5815 

3.7642509 

3.7643256 

3.7644003 

3.7644750 

3.7645497 

5846 

5847 
'5848 

584s 

5850 

L - tS1*' 

3.7668588 

3.7669331 

?*767Q074 

7.7670815 

$.7671559 

574*5 

5747 

5748 

5749 

5750 

3.7593656 

3*7594412 
3*7595 '68 
3.7595923 
3.7596678 

578l 

S782, 

5783 

5784 

5785 

3./620030 

$.7620781 

$.7621532 

3.7622283 

$.7623034 

5816 

5®r7 
58  r8 

5819 

5820 

5821 

5822 

5823 

5824 

5825 

3.7646244 

$.7646991 

?-7^47737 

$.7648484 

$.7649250 

5851 

5852 

5853 
5834 
J855 

3.7672301 

J.7673043 

3.7673785 

37674527 

3*7675269 

575 1 

T7‘52 

5753 

5754 

5755 

3*7597434 

3.7598189 

3.7598944 

3.7599699 

3.7600453 

5786 

5787 

5788 

5789 

5790 

3.7623784 

3.7624535 

$.7625285 

$.7626035 

$.7626786 

3.7649976 

$.7650722 

$.7651468 

$.7652214 

3.7652959 

5856 

J857 

5858 

5859 

5860 

3*7676011 

3.7676752 

3.7677494 

3.7678235 

3.7678976 

5756 

5757 

5758 

5759 

5760 

$.7601208 

$.7601962 

?.76o27i7 

3.7603471 

1.7.604225 

5791 

5792 

5793 

5794 

5795 

3.7627536 
3.7628286 
3.762903  5 
3.7629785 
3.7630534 

5826 

5827 

5828 

5829 

5830 

5831 

5832 

5833 

5834 

5835 

3.7653705 

3.7654450 

3.7655195 

3*7655941 

3765 6686 

5861 

5862 

5863 

5864 

5865 

$.7679717 

$.7680458 

3.768ll99 

$.7681940 

$.7682680 

57*5 1 

5762 

57*53 

5764 

57*55 

5766 

5767 

5768 

5769 

5770 

/ 

3.7604979 

3.7605733 

3.7606486 

$.7607240 

3.7607993 

5796 

5797 

5798 

5799 
5700 

3.7631284 

3.7632033 

3.7632782 

J-763  3  53 1 
3.7634280 

5-7657430 

37658175 

3.7658920 

3*7659664 

3.7660409 

5866 

5867 

5868 
58  69 
5870 

$.7683421 

3.7684161 

$.76S490I 

$.7685641 

$.7686381 

$.7608746 
5.7609500 
$.7610253 
$.7611005 
3.761 1758 

5801 

5802 

5803 

5804 

5805 

3.7635029 

3*7635777 

3.7636526 

3.7637274 

3.7638022 

5836 

5837 

5838 

5839 

5840 

3.766115$ 

$.766l897 

3.7662642 

$.7663385 

$.7664128 

5871 

5872 

5873 

5874 

5875 

$.7687121 

$.7687860 

$.7688600 

3*7689339 

3.769OO79 

577*i 

5772 

5773 

5774 

5775 

$.7612511 

$.7613263 

$.7614016 

3.7614768 

3.7615520 

5806 

5807 

5808 
58©9 
58lO 

$.763  8770 

$.7639518 

3.7640266 

$.7641014 

$.7641761 

5841 

5842 

5843 

5844 

5845 

$.7664872 

$.7665616 

$.7666359 

$.7667102 

$.7667845 

5876 

5877 

5878 

5879 

5880 

3.7690818 

3.7691557 

3.7692296 

3.7693035 

?.7693773 

5«8i  3 .76945 1 2 

5882  3.7695250 

5883  3.7695988 

5884  3-7696727 

5885  3.7697465 


5886 

5887 

5888 

5889 

5890 


5891 

5892 

5893 

5894 

5895 


5896 

5897 

3898 

58 99 

5900 


5901 

5902 

5903 

5904 

5905 


3.7698203 
3.7698940 
3.7699678 
3.7700416 
3.7701 153 


3.7701890 

3.7702627 

3.7703364 

3.7704101 

3.7704838 


3-7705575 

3.7706311 

3.7707048 

3.7707784 

3.7708520 


5906 

5907 

5908 

5909 

5910 


3.7709256 

3.7709992 

3.7710728 

3.7711463 

3-77r2i99 


3.7712934 

3.7713670 

3.7714405 

3.7715140 

3.7715875 


3.7716610 

3.77j7344 

3.7718079 

3.7718813 

3.7719547 


Num  \  Logarithm. 

5916 

3.7720282 

5917 

3.7721016 

5918 

37721750 

5  9J9 

3.7722483 

5920 

3.77232*17 

5921 

3.7723951 

5922 

3.7724684 

5923 

3.7725417 

5924 

3.7726150 

5925 

3.7726884# 

5926 

3.7727616 

5927 

3.7728349 

5928 

3.7729082 

5929 

3.7729814 

5930 

3.7730547 

5931 

3.7731279 

5932 

3.77320II 

5933 

37732743 

5934 

3-7733475 

5935 

3.7734207 

5936 

3-7734939 

5937] 

3.7735670 

5938 

3.7736402 

5939 

3  *7 7  3  7 1  33 

5940 

3.7737864 

5941 

3.7738596 

8*5942 

3.7739326 

5943 

3.7740057; 

5944 

3,7740788 

5945 

3.7741 5 19 

5946 

3.7742249 

5947 

3.7742979 

5948 

3.77437IO 

5949 

3.7744440 

5950 

3.7745170 

5951 

5952 

5953 

5954 

5955 

3.7745  «99 
3.7746629 

3-7747359 

3.7748088 

3.7748818 

5956 

5957 

5958 

5959 

5960 

3-7749547 

37750276 

3.7751005 

3-77SI734 

3.7752463 

5961 

5962 

5963 

5964 

5965 

3.7753I9I 

3-7753920 

3.7754648 

37755376 

3.7756104 

5966 

5967 

5968 

5969 

5970 

3.7756832 
3.7757560 
3.7758288 
3.775901 6 

3-7759743 

5971 

5972 

5973 

5974 

5975 

3.7760471 
3.7761198 
3.7761925 
3.7762652 
3.7763  379 

5976 

5977 

5978 

5979 

5980 

3.7764106 

3.7764833 

|3.7765559 

3.7769286 

37767012 

5981 

5982 

5983 
.  5984 

5985 

3.7766738 

3.7768464 

3-  7769 1 9° 

3-  7769916 
3.7770642 

Nutn.j  Logarithm. 

5986 

5987 

5988 

5989 

5990 

3*777 1 367 
3.7772093 
3.7772818, 

3*777  3543 

3.7774268 

5991 

5992 

5993 

5994 

5995 

3.7774993 

3.7775718 

3.7776443 

3.7777167 

3.7777892 

5996 

5997 

5998 

5999 

6000 

3.7778616 

3.7779340 

3.7780065 

3.7780789 

3.7781513 

6coi 

6002 

6003 

6004 

6005 

3.7782236 

3.7782960 

3.7783683 

3.7784407 

3.7785130 

6006 

6007 

6008 

6009 

6010 

3.7785853 

3.7786576 

3.7787299 

3.7788022 

3.7788745 

601 1 

6012 

6013 

6014 

6015 

3.7789467 

3.7790190 

3.-790912 

3.7791634 

3.7792356 

6016 

6017 

6018 

6019 


3.7793078 

3.7793800 

3.7794522 

3.7795243 


6020|3.779596l>| 


Num.!  Logarithm. 

Num. 

6056 

6057 

6058 

6059 

6060 

Logarithm- 

0021 

6022 

6623 

6024 

(5025 

3.7796686' 

?.77974°S 

3.7798129 
3.7798830 
3-779957 1 

3.78218  59 
3.7822576 
3.7823293 
3.7824010 
3.7824726 

6026 

6027 

6028 

6029 
(6030 

3,7800291 

3.7801012 

3.7801732 

3.7802453 

3.7803173 

6061 

6062 

6063 

6064 

6065 

3.7825443 

3.7826159 

3.7826876 

3.7827592 

3.7828308 

6031 

6032 

6033 

6034 

6035' 

• 

6036 

6037 
6.038 

6039 

6040 

3.7803893 
3.78O46I3 
3.78053  3  3 
3.7806053 
3.7806773 

6066 

6067 

6068 

6069 

6070 

3.7829024 

3.7829740 

3.7830456 

3.7831171 

3.7831887 

$.7807492 

3.78082I2 

?.7808934 

3.780965O 

].78lO?69 

6071 

6072 

6073 

6074 

6075 

3.7832602 
3.7833318 
3.7834033 
3.7834748 
3.783  5463 

6041 

6042 

6  043 

6044 

6045 

3.78l  1088 
?.78  11807 
?.78l2526 
?.78l3245 

3.7813963 

6076 

6077 

6078 

6079 

6080 

3.7836178 

3.7836892 

3.7837607 

3.7838321 

3.7839036 

6046 

6047 

6048 

6049 

6050 

3.7  8 1 468  r~ 
3.7815400 
3.78161 18 
3.7816836 

3.7817^54 

6081 

6082 

6083 

6084 
1  6085 

3.7839750 

3.7840464 

14.7841178 

3.7841892 

3.7842606 

6051 

6052 

6033 

6054 

6055 

3.7818272 
3.78 1 8989 
3.7819707 
3.7820424 
3,7821141 

6086 

6087 

6088 

6089 

6090 

3.7843319 

3.7844033 

3.7844746 

3.7845460 

3.7846173 

Nuin.i 

6091 

6092 

6093 

6094 

6095 

Logarithm. 

7.784688  6 

3.7847599 

3.7848312 

3.7849024 

3.7849737 

Num  | 

6126 

6127 

6128 

6129 

6130 

6131 

6132 

6133 

6134 

6135 

Logarithm 

3.7.871770 

3-7872479 

3-7873188 

3-7873896 

3.7874605 

6096 

6097 

6098 

6099 

6100 

3.7850450 

3.7851162 

3.7851874 

3.7852586 

3.7853298 

'.7875313 

3-7876021 

3-787*730 

3.7877438 

3.7878146 

6101 

6102 

6103 

6104 

6105 

3.7854010 

3.7854722 

3-785  5434 
3.7856145 
3.7856857 

6136 

6137 

6138 
6.139 

6140 

# 

$.7878853 
3.7879561 
$.7880269 
3.7880976 
3.7881 684 

6106 

6107 

6108 

6109 

6110 

3.7857568 

3.7858279 

3.7858990 

3.7859701 

3.7860412 

6141 

6142 

<5143 

6144 

6145 

3.7882391 

3.7883098 

3.7883805 

3.7884512 

3.7885219 

6111 

6112 

6113 

61 14 

6115 

3.7861124 

3.786l833 

37862544 

3.7863254 

3.7863965 

6146 

6147 

6148 

6149 

6150 

3*7885926 

3.7886632 

$•7887339 

3.7888045 

37888751 

3.7889457 

3.7890163 

3.7890869 

3.7891575 

3.7892281 

• 

61 16 

6117 

6118 

6119 

6120 

]  * 

3.7864675 

3.7865385 

(.7866095 

3.7866805 

3.78675x4 

6151 

6152 

6153 

6154 

6155 

6121 

6122 

6123 

6124 

6125 

37868224 
3.786893  3 
37869643 
3.7870352 
3*7871061 

61  56 

6157 

6158 

6159 

6160 

3.7892986 

3.7893691 

?.7894397 

3.7895102 

3.7895807 

Num.i  Logarithm. 


6161 

6162 

6163 

6164 

6165 


6166 

6167 

6168 

6169 
617© 


3.7896513 

3.7897217 

3.7897922 

3.7898626 

3.7899331 

3.7900035 

3.7900739 

3«7  90 1444 
3.7902148 
3.7902852 


6171 

6172 

6173 

6174 

6175 


?.7903555 

3.7904259 

3.7904963 

3,7905666 


Num.f  Logarithm.  ^ 

6196  j 

*.7921114  6 

6197  3 

.792 1815  6 

6198  : 

5.7922516  6 

6199  j 

*.7923216  6 

6200  : 

J.7923917  6 

6201 

3.7924617  6 

6202 

3.7925318  c 

6203 

3.79260l8  < 

6204 

3.79267l8  ( 

6205 

3.7927418  < 

6206 

\ 

3.7928ll8  ( 

6207 

3.7928817  1 

6208 

3.7929517 

6209 

3.7930217 

6210 

37930916 

6211 

3.7931615 

j  6212 

3.79323I4 

6213. 

3-7933014 

*  62 14 

3.7933712 

6215 

3-793  44 11 

r  6216 

3.793  5  no 

6217 

3.7935809 

>  6218 

3.7936507 

j  6219 

3.7937206 

7  6220 

3.7937904 

^  6221 

3.793  8602 

I  6222 

3.7939300 

3  6223 

3.7939998 

5  6224} 

3.7940696 

6  6225 

3-7941 394 

g_|  622C 

3.794209i 

9  6227 

3.7942789 

j  622& 

3.7943486 

2  6225 

3.7944i83 

3  623c 

)  ^.7944880 

Num.i  Legttriibm. 

3-7945  57^ 

3.7946274 

3.7946971 
3.7*947668 
3.7948365. 


Num.i  Logarithm, 


7949061 

3-7949757 

3.7950454 

3-7951  ’5° 

3.7951846 


6266 

6267 

6268 

6269 

6270 


3.7969904 

3*797°59/ 

3. 797 1 290 

3.797  J9B  3 

3.7972675 


3-7952542 
3795  32‘38 
3-795393  3 
3-7954^29 
37955324 


6246 

6247 

6248 

6249 

6250 


6251 

6252 

6253 

6254 


3.7956020 

3.79  56?1 5 
3.7957410 

3.79*8105 

3.7958800 


6256 

6257 

62^8 

6259 

6260 


37959495 

3.7960190 

3.7960884 

3.7961579 

3.7962273 


3.797  3  368 

3.797406° 

3.7974753 
37975445 
3«7976 1 37 


6271 

6272 

6273 

6274 

6275 

6276 

6277 

6278 

6279 

6280,3*7979596 


3.7962967 

3.7963662 

3.7964356 

3.7965050 

5.7965743 


6262 

6263 

6264 
•6265 


3.7976829 

3.7977521 

3.7978213J 

3.7978905 


62S1 

6282 

6283 

6284 

6285 

6286 

6287 

6288 

6289 

6290 

6291 

6292 

6293 

6294 

6295 


3.7985288 

3.7980979 

3.7981671 

3.7982362 

3.7983053 

3.7983744 
3.7984435 
3.7985125 
3 .7985816 
3.7986506 


6261  3.7966437 


3.79671 3 1 
3.7967824 

3.79685 1 7 

3.796921 1^ 


6296 

6297 

6298. 

6299 

6300 


3.7987197 

3.7987887 

3.7988577 

3.7989267 

3.7989957 


3.7990647 

3.7991337 

3.7992027 
3,79927 1  6 
3  7993405 


I 


Num-I  logarithm. 

Num.f  Logarithm. 

6301 

6302 

6303 

6304 

6305 

3.7994095 

1-7994784 

3-7995473 
[  3.y996l62 

3,7996851 

633c 

6337 

6338 

6339 

634c 

>  3.80l8l52 
3.8018837 
3.8019522 
3.8020208 
?.8©20893 

'  6306 

6307 

6308 

6309 

6310 

3-799 7540 
3.7998228 
3.7998917 
3.7999605 
3.8090294 

6341 

6342 

6343 

6344 
6  345 

3.8021578 
?.8022262 
3.8022947 
3.8023632 
3.80243  16 

63 1 1 

6312 

6313 
'6314 

<5315 

3.8000982 

3.8001670 

3.8002358 

3.8003046 

3.8003734 

6346 

63-47 

6348 

6349 

6350 

3.8025001 

3.8025685 

3.8026369 

3.8027O53 

3.8027737 

6326 

6317 

6318 

6319 
63  20 

3.8004421 
3.800510  9 
3.8005796 
3.8006484 
3.8007171 

6351 

6352 

6353 

6354 
.6355 

3.802842I 

3.8029105 

3.8029789 

3.803O472 

3.803II56 

6321 

6322 

6323 

6324 

6325 

3.8007858 
3.8  008545 
3.8009232 
3.8009919 

3  8010605 

6356 

6357 

6358 

6359 

6360 

3.803l839 
3.8032522 
3.803  3205 
3.8033888 

?,803457I 

6  326 
6327 
16328 

6329 

6330 

3.8011292 
3.80T  1978 
3.8012665 
3.8013351 
3.80140  (7 

6361 
63  62 

6363 

6364 

6365 

3.8035254 

3.8035937 

3.8036619 

3.8037302 

3.8037984 

3.8038666 

3.8039348 

3.8040031 

3,8040712 

3.804I494- 

6331 

6332 

<5333 

6334 

6335 

3.8014723 
3.8015409 
3.8016095 
?. 8016781 
3.8017466 

6366 

6367 

6368 

6369 

6370 

Num.  f  Logarithm. 

Num.  | Logarithm. 

6371 

6372 

6373 

6374 

6375 

• 

3.0042076 

3.8042758 

5,804343  9 
3.8044121 
3.8044802 

640^ 

6407 

6408 

6409 

6410 

3.8065869 

3.8066547 

3.8067225 

3.8067903 

3.8068580 

6376 

6377 

6378 

6379 

6380 

3.80454  83 
3.8046164 
3.8046845 
3.8047526 
3.8048207 

601  r 

6012 

6013 

6014 

6015 

3.8069258 

3.8069935 

3.8070612 

3.8071290 

3.8071967 

6381 
63  82 

6383 

6384 

6385 

3.8048887 

3.8049568 

3.8050248 

3.8050929 

3.8051609 

.  6416 

6417 

6418 

6419 

6420 
• 

3.8072643 

3.8073320 

3.8073997 

3.8074674 

3.8075350 

6386 

6387 

6388 

6389 

6390 

3.8052289 

3.8052969 

3.8053649 

3.8054729 

3.8055009 

6421 

6422 

6423 

6424 

6425 

3.8076027 

3.8076703 

3.8077379 

3.8078055 

3.8078731 

6391 

6392 

6393 

6394 

6395 

3.8055688 

3.8056368 

3.8057047 

?.8o57726 

3.8058405 

6426 

6427 

6428 

6429 

6430 

3.8079407 
3.8080083 
3.8080759 
3.8081434 
3.80821 10 

6396 

6397 

6398 

6399 

6400 

3.8059085 

3,8059763 

3.8060442 

7. 806  r  12 1 
3.8061800 

6451 

6432 

6433 

6434 

6435 

3.8082785 
3.8083460. 
3.8084136 
3.808481 1 
3.8085485 

6401 

6402 

6403 

6404 

6405 

3.8062478 
3.8063 157 
3.8063835 
3.80645 1 3 
3.8065191 

6436 

6437 

6438 

6439 

6440 

3.8086160 
3.8086835 
3.80875  10 
3.8088184 
3.8088859 

# 


Num.l  Logarithm.. 

Num. 

Logarithm . 

Num.|  Logarithm. 

Num 4  Logarithm . 

6<H-i 

6442 

6443 

6444 

6445 

6446 

6447 

644$ 

6449 

6450 

3.8o89533 

3.8090207 

3.809088l 

$‘8091555 

3.8092229 

6476 

6477 

6478 

6479 

6480 

3.8113068 

3.8113739 

3.8114409 
3.81 15080 
3.81 15750 

6511 

6512 

6513 

6514 
,<5515 

3.8136477 

3.8137144 

3.8137811 

3.8138478 

3.8139144 

6546 

6547 

6548 

6549 

6550 

3.815976° 

3.8160423 

3.8161087 

3.8:61750 

3.8162413 

3.8092903 

3.8093577 

3.8094250 

3.8094924 

3.8095597 

3.8096270 

3.8096944 

3.8O976I7 

3,8098290 

3.8098962 

6481 

6482 

6483 

6484 

6485 

3.8116420 

3.8117090 

3.8117760 

3.8118430 

3.8119IOO 

65 16 

65:17 

6518 

6519 

6520 

3.8l398ll 

3.8l40477 

3.8141144 

3.8141810 

3.8142476 

6551 

6552 

6553 
6534 
6555 

3.8163076 

3.8163739 

3.8164402 

3.8165064 

3.8:65726 

6451 
64  J  2 

6453 

6454 
643S 

<$40 

6457 

6458 

6459 

6460 

6486 

6487 

6488 

6489 

6490 

3.81 19769 
3.8120439 
3.8121108 
3.8121778 
3.8122447 

6f21 
65  22 

6523 

6524 

6525 

6526 

6527 

6528 

6529 

6530 

3.8l43I42 

3.8143808 

3.8144474 

3.8145140 

3.8145805 

6556 

6557 

6558 

6559 

6560 

3.8166389 

3.8167052 

3.8167714 

3.81^83761 

3,8169038 

3.8099635 
3.8100308 
3.8100980 
3.8 10X^5  3( 
$,8102325 

6491 

6492 
649 

6494 

6495 

3.8123116 

3.8123785 

7.8124454 

3.8125123 

3.8125792 

>8146471 

3.8147136 

3.8l4780I 

3.8148467 

3.8149132 

6561 

6562 

6563 

6564 

6565 

3.8169700! 
3.8170362  1 
3.8171024 
3.8171 686 
3.8172343 

64dl 

6462 

6463 

6464 

6465 

3.8102997 

3.8103670 

£8104342 

3.8105013 

3.8105685 

6496 

6497 

6498 

6499 

6500 

3.812646b 
3.8127129 
3.8127  797 
3.8128465 
3.8129134 

653V 

6532 

6533 

6534 

6535 

3.8149797 

3.8150462 

3.8l5lI27 

$.8151791 

3.8lJ2456 

6566 

6567 

6568 

6569 

6570 

3.8173009 

3.8173670 

3.8174331 

3.8174993 

3.8175654 

6466 

6467 

6468 

6469 

6470 

3.8106357 

3.8107029 

3.8107700 

3.8108371 

3.8109043 

6501 

6502 

6503 

6504 

6505 

3.8129802 
3.8130470 
3.8131138 
3.8131805 
3.81324 -73 

6536 

6537 

6538 

6539 

6540 

3.8153120 

3.8153785 

3.8154449 

3.8155113 

55777 

6571 

6572 

6573 

6574 

6575 

3.8176315 

3.8176976 

3.8177636 

3,8178297 

3.8178958 

<5471 

6472 

6473 

6474 

6475 

3.8109714 

3.8110385 

3.8111036 

3.8111727 

3.8112398 

6506 

6507 

6508 

6509 

6510 

3.8133141 

3.8133808 

3.8134475 

3.8135  r43 

3.8135810 

6541 

6542 

6543 

6544 

6545 

3.8156441 

3.8157105 

3.8157769 

3.8158433 

3.8159096 

6576 

6577 

6578 

6579 

6580 

3.8179618 
3.8180278 
3.8180939 
3*81815  99 

3  8182259 

— 

Num.i  Logarithm. 

Num.f  Logarithm. 

Num.  |  Logarithm. 

Num. 

[Logarithm. 

6581 

3.8182919 

6616 

3.8205955 

O651 

3.8228^69 

oobo 

3.6251664 

6582 

3.8183379 

6617 

3.820661 1 

6652 

3.82 29522 

66  87 

3.8252313 

6583 

3.8184239 

6618 

3.8207268 

6653 

3.8230175 

6688 

3.8252963 

16384 

2.8184898 

6619 

3.8207924 

6654 

3.8230828 

6689 

3.8253612. 

6383 

3-8183558 

6620 

3.8208580 

6655 

3.823I48l 

6690 

3.8254261 

6586 

3.8 186217 

6621 

3.8209236 

6656 

3.8232133 

6691 

3.8254910 

6587 

3.8186877 

6622 

3.8209892 

6657 

3.8232786 

6692 

?-§255559 

6388 

3.8187536 

6623 

3.82 10548 

6658 

5,8233438 

6693 

3.8256208 

6589 

1.8188195 

6624 

3.821 1203 

6659 

3.8234090 

6694 

3.8256857 

659O 

2.8188854 

6625 

3.8211859 

6660 

3.8234742 

6695 

3.8257506 

<3391 

3.8189513 

6626 

5.8212514 

6661 

J.8235394 

6699 

3.8258154 

6592 

3.8190172 

6627 

3.8213170 

6662 

3.823604  6 

6697 

3.8258803 

6593 

3.8190831 

66  28 

3.821  3825 

6663 

3.8236698 

6698 

3.825945 1 

6594 

3.8191489 

6629 

3.8214480 

6664 

3.8237350 

6699 

3.8260100 

6595 

4.8192148 

6630 

3.8215135 

6665 

3.8238002 

6700 

3.8260748 

6596 

3.8192806 

663I 

5.8215790  ■ 

6666 

3.8238633 

6701 

3.8261396 

*6397 

3.8193465 

6632 

3.8216445 

6667 

3.8239305 

6702 

3.8262044 

6598 

3.8194123 

6633 

[3.8217100 

6668 

3.8239956 

6703 

3.8262692 

6599 

3.8194781 

6634 

3.8217755 

6669 

3.8240607 

6704 

3.8263  340 

6600 

3.8195439 

6635 

3.8218409 

667O 

3.8241258 

6705 

3.8263988 

6601 

3.8196097 

6636 

3.82T9064 

667I 

3.8241909 

6706 

3.8264635 

66  02 

3.8196755 

6637 

3.8219718 

6672 

3.8242560 

6707 

3.8265283 

6603 

3.8197413 

6638 

3.8220372 

6673 

3.8243211 

6708 

3.8265932 

6604 

3.8198071 

6639 

3.8221027 

6674 

3.8243862 

6709 

3.8266578 

6605 

3  8198728 

66  40 

7.8221681 

6675 

3.8244513 

6710 

f 

3.8267225 

6606 

3.8199386 

6641 

3.82223  35 

6<76 

7.8245163 

1 

6711 

3.8.267872 

<6607 

3.8200043 

6642 

3.8  222989 

6677 

3.8245814 

6712 

3.82685X9 

6608 

3^8200700 

6643 

3.8223643 

6678 

3.8246464 

6713 

I3.8269I66 

6609 

3.8201 358 

6644 

3.8224296 

6679 

3.8247114 

6714 

13.8269813 

6610 

3.S202015 

6645 

3.8224950 

668O 

3.8247765 

6715 

3.827O46O 

661 1 

3.8202672 

6646 

3.8225603 

668l 

4 

3.8248415 

6716 

3.8271103! 

6612 

3.8203  <28 

66  47 

3.8226257 

6682 

3.8249065 

6717 

3.82717531 

6613 

3*820^985 

6648 

3.8226910 

6683 

3.8249715 

.6718 

3.8272400 

6614 

3. 8204642 

6649 

3.8227563 

6684 

3.8250364 

6719 

3.8273046 

66 15 

3.8205898 

6650 

3.8228216 

6685 

3.8251014 

6720 

3.8273693 

Num.i 
O7  2 1 

6722 

6723 

6724 

6725 

6726 

6727 

6728 

6729 
67  30 

67  31 

6732 

6733 

6734 

6735 

— - — ■  —■  T — 

Logarithm. 

3.8274339 
3.8274985 
3.827563 1 

3.8276277 

3.8276923 

Num.j 

6756 

6757 

6758 

67S9, 

676O 

Logarithm* 

3.8296896 

3.8297539 

3.8298182 

3.8298824 

3.8299467 

3.8277569 

3.8278214 

3.8278860 

3.8279505 

3.8280151 

6761 

6762 

6763 

6764 

6765 

3.8300109 

3.8300752 

3.8301394 

3.8302036 

3.8302678 

3.8280796 

3.8281441 

3.8282086 

3.8282731 

3.8283376 

6766 

6767 

6768 

6769 

6770 

3.830332® 

3.8303962 

3.8304603 

3.8305245 

3.8305887 

6736 

6737 

6738 

6739 
6746 

6741 

6742 

6743 

6744 

6745 

6746 

<5747 

6748 

6749 

675° 

3.8284022 

3.8284665 

3.8285310 

3.8285955 

3.8286599 

6771 

6772 

6773 

6774 

6775 

3.83C6528 
3.8307169 
3.830781 1 
3.8308452 
3.8309093 

3.8287243 
3.828788  7 
3.8288532 
3.8289176 
3.8289820 

6776 

6777 

6778 

6779 

6780 

3.8309734 
3.8310375 
3.831 1016 
3.83  1 1656 
3.8312297 

3.8290463 

3.8291107 

3.8291751 

3.8292394. 

3.8293038 

6781 

6782 

6783 

6784 

6785 

3.8312937 

3.8313578 

3.83 14218 
3.8314858 

3.8315499 

6751 

5752 

5753 
6754 

■5755 

3.8293681 

3.8294324 

3.8294967 

3.8295611 

3.8296254 

6786 

6787 

6788 

6789 

6790 

3.8316139 
3.83  16778 
3-^3  1741S 
3.8318058 
*.83 18698 

iNum.{  Logarithm. 

Num  {  Logarithm 

6791 

6792 

6793 

6794 

6795 

$‘8319337 

3.8319977 

3.8320616 

3.8521255 

3.8321895 

0826 

6827 

6828 

6829 
6850 

5.8341663 

?.8342299 

3.8342935 

3.8343571 

3.8344207 

6796 

6797 

6798 

6799 

6800 

3.8322534 

*.8323173 

3.8323812 

3.8324450 

3.8325089 

6831 

6832 

6833 

6834 

6835 

3.8344843 
3-834547 9 

3.8346114 

3.8346750 

3.8347385 

6801 

6802 

6803 

6804 

6805 

3.8325728' 

3.8326366 

3.8327005 

3.8327643 

3.8328281 

6836 

6837 

6838 

6839 

6840 

3.8348021 

3.8348656 

3.8349291 

3.834992e 

3.835O561! 

6806 

6807 

6808 

6809 

6810 

5.8328919 
3.8329558 
i.«3  30195 
3.8330833 
3-833147: 

6841 

6842 

6843 

6844 

6845 

3.8351196 

3.835:83: 

3.8352465 

3.8353100 

3-8353735 

6811 

6812 

6813 

6814 

6815 

6816 

6817 

6818 

6819 

6820 

3.8332109 
3-8332746 
3.83  33384 

3.8334021 

3.8334659 

68  46 

6847 

6848 

6849 

6850 

3.8354369 
3.8355003 
3.8355638 
3.8356272 
3.83  56906 

3.8335296 

3-8335933 

3.8336570 

3.8337207 

5.8337844 

6851 

6852 

6853 

6854 

6835 

3.8357540 

3.8358174 

3.8358807 

3.8359441 

3.8360075 

6821 

6822 

6823 

6824 

6825 

3.8338480 

5.8339:17 

5.8339754 

3-8340390 

3.8341027 

6856 

6857 
685  8 

6859 

6860 

4.8360708 

3,8361341 

?.836l975 

5.8.3626o8 

?.836324I 

Ttttc 


Num.]  Logarithm, 

Num  1  Logarithm. 

680  1 
6852 

6863 

6864 

6865 

3.8363674 

3.8364507 

3.8365140 

3.8365773 

3.8366405 

6896 

6897 

6898 

6899 

6900 

3.8385973 
3.8386602 
3. S3  87232 
3.8387861 
3.8388491 

6866 

6867 

6868 

6869 

6870 

3.8367038 
3.8367670 
3.8368303  , 
3.8368935 
3.8369567 

69  01 

6902 

6903 

6904 

6905 

3.8389120 

3.8389750 

3.8390379 

3.8391008 

3.8391637 

3.8392266 

3.8392895 

3.8393523 

3.8394152 

3.8394780 

6871 

6872 
$873 

6874 

6875 

3.8370199 

3.8370832 

3.8371463 

3.8372095 

3.8372727 

6906 

6907 

6908 

6909 

6910 

6876 

6877 

6878 

6879 

6880 

3-8373359 

3.8373990 

3.8374622 

3-8375253 

3.8375884 

6911 

6912 

6913 

6914 

6915 

3.8395409 

3.8396037 

3.8396666 

3.8397294 

3.8397922 

6881 

6882 

6883 

6884 

6885 

3.8376516 

3.8377147 

3.8377778 
3.8  3  7  8409 

3.8379039 

6916 

6917 

6918 

6919 

6920 

3.8398550 

3.8399178 

3.8399806 

3.8400433 

3.8401061 

6886 

6887 

6888 

16889 

16890 

3.8379670 

3.8380301 

3.8380931 

3.8381562 

3.8382192 

6921 

6922 

6923 

6924 

6925 

3.8401684 

3.8402316 

3.8402943 

3.8403571 

3.8404198 

J6891 

6892 

6893 

6894 

6895 

3.8382822 

3.8383453 

3.8384083 

3.8384713 

3.8385343 

6926 

6927 

6928 
1 6929 
1  6930 

3.8404825 

3.8405452 

3.8406079 

3.8406706 

3.8407332 

Num.]  Logarithm. 

Num.]  Logarithm. 

6931 

6932 

6933 

6934 

6935 

3.8407959 

3.8408586 

3.8409212 

3.8409838 

3.8410465 

6g66 

6967 

6968 

6969 

6970 

6971 

6972 

6973 

6974 

6975 

3.8429835 
3.8430458 
3-843  1081 
3.8431.705 
3.8432328 

3.8432951 

3-8433574 

3.8434197 

3.8434819 

3.8435442 

6936 

6937 

6938 

6939 

6940 

3.8411091 

3.8411717 

3.8412343 

3.8412969 

3.8413595 

6941 

6942 

6943 

6944 

6945 

3.8414220 

3.8414846 

3.8415472 

3.8416097 

3.8416722 

6976 

6977 

6978 

4979 

6980- 

6981 

6982 
.6983 

6984 

6985 

3.8436065 

3.8436687 

3.8437310 

3.8437932 

3.8438554 

6946 

6947 

6948 

6949 

6950 

3.8417348 

3.8417973 

3.8418598 

3.8419223 

3.8419848 

3.8439176 

3.8439798 

3.8440420 

3.8441042 

3.8441664 

6951 

6952 

6953 

6954 

6955 

,  '  __  \ 

3.8420473 

3.8421098 

3.8421722 

3.8422347 

3.8422971 

6986 

6987 

6988 

6989 

6990 

3.8442286 

3.8442907 

3.8443529 

3.8444150 

3.8444772 

6956 

6957 

6958 

6959 

6960 

6961 

6962 

6963 

6964 

6965 

3.8423596 

3.8424220 

3.8424844 

3.8425468 

3.8426092 

6991 

6992 

6993 

6994 

6995 

6996 

6997 

6998 

6999 

7000 

3.8445393 
3.8446014 
3.8446635 
3. 84472 5 < 
3.8447873 

3.8426716 
3.8427340 
3.8427964 
3.8428588 
3.842921  r 

3 .8448498 
3.8449115 
3.8449739 
3.8450360 
3.8450980 

Num.i  Logarithm. 

Num.[  Logarithm- 

/QOI 

7002 

7003 

7004 

7005 

7006 

7007 

7008 

7009 

7010 

3.^45  I60l 
3.8452'22l 

3.8452S4I 

3.845  3461 

3.8454081 

7036 

7037 

7038 
7639 
7040 

3.847325s 

3.8473876 

3.8474493 

3.8475110 

3.8475727 

3.84s  47c  1 
7.8455321 
3.84S  5  94 1 
3.8456561 
3.8457180 

7041 

7042 

7043 

7044 

7045 

3.8476343 

3.8476960 

3.8477577 

3.8478193 

3.8478810 

701 1 

7012 

7013 

7014 

7015 

7016 

7017 

7018 

7019 

7020 

5.84578OO 

3.8458419 

5.8 459038 
3.8459658 

3.8460277 

7046 

7047 

7048 

7°49 

7050 

3.8479426 
3.8480043 
3.8480659 
3.8481275 
3.848  1891 

3.8460896 

3.8461515 

3.8462134 

3.8462752 
3.8463  371 

705 1 

7052 

7053 

7°54 

7°55 

3.8482507 

3.8483123 

3.8483739 

3.8484355 

3.8484970 
- - - 

7021 

7022 

702  3 

7024 

7025 

3.8463990 

3.8464608 

7.8465227 

3.8465845 

3.8466463 

7056 

7057 

7058 

7059 

7060 

3.8485586 

3.8486201 

3.8486817 

3.8487472 

3.8488087 

7026 

7027 

7028 

7029 

7030 

3.846708I 
3.84677OO 
3.84683  l8 
3.8468935 
3.84695  5  3 

7061 

7062 

7063 

7064 

7065 

3.8488662 
3.8489277 
3.8489892 
.3.8490507 
3.8491 122 

7031 

7032 

7°3  3 

7034 

7035 

3.8470171 

3.8470789 

3.8471406 

3.8472024 

7.8472641 

70  66 

7067 

7068 

7069 

7070 

1.8491736 

3.8492351 

3.8492965 

3,849358^ 

1.8494194 

Num.j  Logarithm. 

[Num.j  Logarithm 

7071 

3.8494808 

71 06 

5.8  516252 

7072 

3.8495423 

[7107 

3.8)  16863 

7073 

3.8496037 

710S 

5.8517474 

7074 

3.849665  r 

7109 

?.85iSo85 

7075 

3.8497264 

71 10 

3.85 18696 

7076 

3.8497878 

71 1 1 

1.8519307 

7077 

3.8498492. 

7112 

1.8519917 

7078 

3.8499106 

7113 

3.8520528 , 

7079 

3.8499719 

7114 

3.8521139 

7080 

3.8500333 

7JI 5 

3.8521749 

7081 

3.8  500946 

7116 

1.8522359 

7082 

3.8501559 

7117 

3.8522970 

7083 

3.8502172 

7118 

3.8523580 

7084 

3.8502786 

7119 

3.8524190 

7085 

3.8503399 

71 20 

3.85248OC  ! 

7086 

3.8504011 

7121 

3.8525410 

7087 

3.8504624 

7122 

3.8526020 

7088 

3.8505237 

7I23 

3.852  6629 

7089 

3.8505850 

7I24 

3.8527239 

7090 

3.8506462 

7I25 

3.8J27849 

7091 

• 

3.8507075 

7126 

3.8528458 

7092 

3.8507687 

7I27 

3.8529068 

7093 

3.8508300 

7128 

3.8529677 

7094 

3.8508912 

7129 

3.8530286 

7095 

3.8509524 

7T30 

3.8530895 

7096 

3.8510136 

7131 

1.853x504 

7097 

3.8510748 

7X32 

3.8532113 

7098 

3.8511360 

7133 

3.853  2722 

7099 

3.8511972 

7134 

3  853333i 

7100 

3.8512583 

7*35 

3.8533940 

7101 

?-8SI  3  TP? 

7J36 

3.8534548 

7102 

3.8513807 

7J37 

3-8535157 

7103 

5-8  5 1441 8 

7138 

\ 

3.8535765 

7I04 

3.8515030 

7139 

3-85  36374 

7105 

3.85I5<Hl 

7140 

3.8536982 

TtICt  2 


Num.j  Logarithm. 

Num  1  Logarithm. 

Num.]  Logarithm. 

Num.]  Logarithm . 

714.I 

3.853759° 

7176 

3.8558824 

7211 

3.8579955 

7246 

3.8000963 

7142 

3.8538198 

7177 

3.8559429 

7212 

3.8580557 

7247 

3.8601583 

7H3 

3.853  8806 

7178 

3.8560035 

72I3 

3.8581159 

7248 

3.8602183 

]7I44 

3.8539414 

7I79 

3.8560640 

7214 

3.8581761 

7249 

3.8602781 

7J4J ! 

3.8)40022 

7l80 

3.8561244 

7215 

3.8582363 

7250 

3.8603380 

GO' 

-f- 

O 

C\ 

Oj 

O  i 

7181 

3.8561849 

7216 

3 .858296  5 

7251 

3.8603979 

7147 

3.8541238 

7182 

3.8562454 

7217 

3.8583567 

7252 

3.8604578 

7148 

3.8541845 

7183 

3.8563059 

72181 

3.8584169 

7253 

3.8605177 

7149 

3.8542453 

7184 

3.8563663 

72i9 

3.8584770 

7-254 

3.8605776 

{7150 

' 

3.8543060 

7185 

3.8564268 

7220 

3.8585372 

7255 

3.8606374 

7151 

3.8543  668 

7l86 

3.8564872 

7221 

3.8585975 

7256 

3.8606973 

7VyZ 

3,8544275 

7187 

3.8565476 

7222 

3.8586575 

7257 

3.8607571 

7 1 S  3 

3,8544882 

7188 

3.8566081 

7223 

3.8587176 

7258 

3.8608170 

7154 

3.8545489 

7189 

3.8566685 

7224 

3.8587777 

7259 

3.8608768 

7*55 

3.8546096 

7190 

3.8567289 

7225 

3.8588379 

726O 

3.8609366 

7r56 

3.8546703 

7191 

3.8567893 

7226 

3.8588980 

7261 

3.8609964 

7i57 

3.8547310 

7192 

3.8568497 

7227 

3.8589581 

7261 

3.8610562 

7158 

3.8547917 

7193 

3.8569101 

7228 

3.8590181 

7263 

3.8611160 

7159 

3.8548524 

7194 

3.8569704 

7229 

3.8590782 

7264 

3.8611758 

7I6O 

5.8549130 

7r95 

3.8570308 

7230 

3.8591 383 

7265 

3.8612356 

7l6l 

3  •§  3497  3  7 

7196 

3.8570912 

•7231 

3.8591984 

7266 

3.8612954 

7I62 

3.8550343 

7197 

3.8571515 

7232 

3.8592584 

7267 

3.8613552 

7163 

3.8550949 

7198 

3.8572118 

7233 

3.8593185 

7268 

3.8614149 

7164 

3.8551556 

7199 

3.8572722 

,7234 

3.8593785 

7269 

3.8614747 

7165 

3.8552162 

7200 

3.8573325 

7235 

3.8594585 

7270 

3.8615344 

7166 

3.8552768 

7201 

3.8573928 

7236 

3.85949  86 

7271 

3.861594* 

7167 

3.8553374 

7202 

3.8574531 

7237 

3.8595586 

7272 

3.86165  39 

7*68 

3.8553980 

7203 

3-8575134 

7238 

3.8596186 

7273 

3.8617136 

7169 

3.8554586 

7204 

3-8575737 

7239 

3.8596786 

7274 

3.8617733 

717° 

3*8  5  5  5  ’92, 

7205 

3.8576340 

7240 

3.8597386 

7275 

3.8618330 

7171 

3-8555797 

7206 

3.8576943 

7241 

3.8597985 

7276 

3.8618927 

\7l7z 

3.8556403 

7207 

3-8577545 

7242 

3.8598585 

72  77 

3.8619524 

7*73 

3.8557008 

7208 

3.8578148 

7243 

3.8599185 

7278 

3.8620120 

7j74 

3.8557614 

7209 

3.8578750 

7244 

3.8599784 

7279 

3.8620717 

7175 

3.8558^19 

721  c 

3.8579353 

I7245 

*3*8600384 

7280 

3.8621  314 

/ 

t 


flXTiitYi  t 

Logarithm. 

Num.f  Logarithm.] 

Num.  1 

Logarithm ■ 

Num.  [Logarithm: 

IN  UU* .  \ 

7281 

7282 

7283 

7284 
728*3 

5,8621910 

3.8622507 

3.8623103 

3.8623699 

3.8624296 

7319 . 

7317 
7318 . 

7319 

7320 

3.8642737 
3.8643  3  3 1 

3.8643924 

3.8644517 
3.8645 1 1 1 

7351 
7352 : 

7353 

7355 

7355 

$.8663464 

$.8664055 

$.86-64646 

?.86652$6 

$.8665827 

7300  : 
73  87 

7388  : 

7389 

7390 

3.8683681 

3.8685269 

3.8685857 

3.86864^4 

7286 

7287 

7288 

7289 

7290 

3.862489Z 
3.8625488  ' 
3.8626084 
3.8626679 
3.8627275 

7521- 

7322 

7323 

7324 

7325 

5.86 457°4 
5.8646297 
5.864689  0 

2.8647483 

5.8648076 

7359 

7357 

7358 

73  59 

7360 

3.8666417 

3.8667008 

$.8667598 

3.8668188 

3.8668778 

7391 

7392 

7393 

7394 

7395 

$.8687032 
3.8687620 
$.8688207 
$.8688794 
3.86893  82 

7291- 

7292 

7293 

7294 

7295 

3.8627871 

3.8628467 

3.8629062 

3.8629658 

3.8630253 

7326 

7327 

7328 

7329 

7330 

5.8648669 

3.8649262 

3.8649855 

3.86^0447 

3.8651040 

7361 

7362 

7363 

7364 

7365 

3.8669368 
3.8669958 
3.8670547 
$•8671138 
$.8671728  1 

7396 

7397 

7398 

7399 

7400 

$.8  689969 
3.8690556 
$.8691143 
3.8691730 
5.86923 17 

7296 

7297 

7298 

7299 
7^00 

3.8630848 

3.863  1443 
3.8632039 
3.8632634 
3.863  3^9 

733  1 

7332 

7333 

7334 

7335 

3.8651632 
3.8652223 
3.8652817 
3.865  3409 

3.8654001 

73  66 

7367 

7368 

7369 

7370 

3.86723 1 7 
3.8672907 
3.8673496 
3.8674086 

3.8674675 

7401 

7402 

7403 

7404 

7405 

3.8692904] 

3.8693491 

3.8694077 

$.8694664 

3.8695251 

- - 1 

7301 
73  02 
7303 

17304 

17305 

5.8633823 

j.8634418 

3.8635013 

3.8635^08 
3  8636202 

7339 

7337 

7338 

7339 

7340 

3.8654593 

3.8655185 

3.8655777 

3.8656369 

3.8656961 

73  7 1 

7372 

7373 

7374 

7375 

3.8675264 
3.867  5853 
3.8676442 
3.8677031 
3.8677620 

7406 

74°7 
.  7408 

7409 

74IC 

3.8695837 

$.8696423 

3.8697010 

$.8697596 

3.8698182 

- zr 

7306 

7307 

7308 
7305 
731c 

3.863  6797 
3.8637391 
3.8637985 

3.8638580 

3.8639174 

7341 

7342 

7343 

7344 

7345 

3.865  7552 
3.8658144 

3.8658735 

3.8659327 

3.86599i8 

7379 

7377 

7378 

7379 

738c 

3.8678209 

3.8678798 

3.8679387 

3.8679975 

3.8680564 

7411 

7412 

7413 

7414 

7415 

3.8698768 

$.8699354 

$.869994° 

$.8700526 

$.8701112 

73 

731: 
73*3 
73H 
73 1  j 

3.863*)7<>8 

3.8640362 

3.8640956' 

3.8641550 

'1  5.8642143 

7346 

7347 

7348 

734S 

7350 

3.8660509 

3.8661100 

3.8661691 

3.8662282 

3.8662873 

7381 

7382 

7383 

7384 

7385 

3.8681152 

3.8681740 

3.8682329 

3.8682917 

;>  3.8683  505 

74lC 
7417 
741  £ 

74!£ 

742C 

$.8701697 
$.8702283 1 
l  $.8702868 
)  3.8703454 
)  $.8704039 

t  % 


Logarithm. 

Num.f  Logarithm. 

Num.j  Logarithm. 

■« — - . - 

Num.T  Logarithm . 

7421 

7422 

-7423 

74M 

7425 

3*8704624 

3.8705209 

3.8705795 

3.8706380 

3.8706965 

7456 

7457 

7458 

7439 

74.60 

3.8725059 

3.8725641 

3.8726224 

3.8726806 

3.8727388 

7491 

7492 

7493 

7494 

7495 

3.8745398 

3.8745978 

3.874<5557 

3.8747137 

3.8747716 

7526 

7527 

7528 

7529 

7530 

3.8765642 

3.8766219 

3*8766796 
3.8767374 
3.8767950  * 

7426 

7427 

7428 

7429 

7430 

7431 

7432 
743  3 
7434 
743  5 

7436 

7437 

7438 

7439 

7440 

3.8707549 

3.8708134 

3.8708719 

3.8709304 

3.8709888 

7461 

7462 

7463 

7464 

7465 

7466 

7467 

7468 

7469 

7470 

3.8727970 

3.8728552 

3.8729134 

3.8729716 

3.8730298 

7496 

7497 

7498 

7499 

7500 

5.8748296 

3.8748875 

3.8749454 

3.875OO34 

4.8750613 

7531 

7532 

7533 

7534 

7535 

7536 

7537 

7538 

7539 

7540 

3.8768526 
3.8769IO3 
3.876968  0 
3*8770256 
3.8770833 

3.8710473 
3.871 1057 
3.871 1 641 
3.8712226 
3.8712810 

J.8730S80 

3.8731461 

3.8732043 

4.8732625 

3.8733206 

7501 

7502 

7503 

7504 
7  5°5 

3.8751192 

3-875177  f 

3.8752349 

3.8752928 

3.8753507 

3.8771409 

3.8771985 

3.8772561 

3.8775137 

3.8773713 

3.87 13394 
3,8713978 
3.8714562 
3.8715146 
3.8715729 

7471 

7472 

7473 

7474 

7475 

3.8733788 

3.8734369 

3.8734950 

’•8735531 

3.8736112 

7506 

7507 

7  508 
7509 
7Ji° 

3.S754086 

3.8754664 

3.8755243 

3.8755821 

3.8756399 

7541 

7542 

7543 

7544 

7145 

3.8774289 
3.8774865 
3.8775441  • 
3.8776017 
3,8776592 

7441 1 

7442 

7443 

7444 

7445 

3.8716313  J 

3,8716897 

3.87I748O 

3.8718064 

?.87r8647 

7476 

7477 

7478 

7479 

7480 

3.8736693 

3.8737274 

3.8737855 

3.8738435 

3.8739016 

7511 

7512 
7V3 

7%  14 
75  r5 

3.8756978 

3.8757556 

3.8758134 

3.8758712 

3.8759290 

7546 

7547 
.7548 

7549 

7550 

- —  f 

3.8777i68 

3-8777743 

3.8778519 

3-8778894 

3.8779469 

7446 

7447 

7448 

7449 

74JO 

'7451 

I ’452 

J  r45  3 
74  54 

1  74  5  5 1 

3.8719230 

3.8719814 

3.8720397 

3.872O98O 

3.8721563 

3.8722146 
3.8722728 
?.8723  3  I  I 
3.8723894 
3.87  24476 

7481 

7482 

7483 

7484 

7485 

3.8739597 

3.8740177 

3.8740757 

3.8741338 

5.8741918 

75  r<3 

7517 

7518 

7519 

7520 

?.87  59868 
5.8760445 
3.8761023 
3.876l60I 
5.8762178 

755-1 

7552 

7553 

7554 

7555 

3.878OO45 
3*8;  82620 
3,8781 195 ! 

3  8781770 

3  8782345 

74  86 

7487 

7488 

7489 

749° ! 

5.87  42498 
5.8743078 
'5.8743658 
3.874423  8 
^87448 18 

7521 

7522 

7523 

7524 

7525 

5-8  762756 
3*8763  3  3  3 
3.8763911 
3.8764488 
3.8765065 

7556T 

7557 

7558 

7559 

7560 

V87829T9 

3.8783493 

3  8784069 

3  8784643 

3  87^5218 

* 


Num.T 

Logarithm. 

Num.I  Logarithm  A 

7561 
75  62 

7563 

7564 

7565 

3.8785792 

$.8786367 

3.8786941 

$.8787515 

3.8788089 

7596 

7597 

7598 

7599 

7600 

7601 

7602 

7603 

7604 

7605 

3.880)850 

3.8806421 

$.8806993 

$.8807564 

$.8808136 

7566 

7567 

7568 

7569 

7570 

3.8788663 

3.8789237 

3.8789811 

$.8790385 

$.8790959 

$.8808707 

$.8809279 

$..8809850 

$.8810421 

$.8810992 

7571 

7572 

7573 

7574 

7575 

7576 

7577 

7578 

7579 

75.80 

7581 

7582 

7583 

7584 

7585 

7586 

7587 

7588 

7589 

7590 

7591 

7592 

7593 

7594 

7595 

3.8791532 

3.8792106 

3.8792686 

3.8793253 

3.8793826 

7606 

7607 

7608 

7609 

7610 

3.881156$ 

?.88 121  $4 

$.8812705 

'.8813276 

$.8813847 

3.87944°° 

3.8794973 

3.87955461 
3.87961 19 

3.8796692 

7611 

7612 

7613 

7614 

7615 

$.8814417 

$.8814988 

$.8815558 

$.8816129 

$.8816699 

3.87972<55 
3.879783  8 
3.8798411 

^.8798983 

3  8799556 

7616 

7617 

7618 

7619 

7620 

3.8817269 

$.8817840 

3.8818410 

$.8818980 

$.8819550 

3.88ooii8 

3.8800701 

3,8801273 

3.8801846 

3.8802418 

7621 

7622 

7623 

7624 

7625 

3.8820120 

$.8820689 

3.8821259 

3.8821829 

$.8822398 

3.8802990 

$.8803562 

3,8804134 

$.8804706 

$.88o5278 

7626 

7627 

7628 

7629 

7630 

3.8822968 

3.8823537 

3.8824107 

$.8824676 

$.8825245 

Nurri.  1  Logarithm.  7 

Num.  j Logarithm . 

7631 

7632 

7633 
7633 
7635 

$.8625615 

$.8826384 

$.8826953 

$.8827522 

$.8828090 

7666! 

^667 

7668 

7669 

7670 

3,884.5688 

3.^840255 

3,8846821 

3.8847387 

3.8847954 

7636 

7637 

7638 

7639 

7640 

3.8828659 

$.8829226 

$.8829797 

$.883036.5 

$.8830934 

7671 

7672 

7673 

7674 

7675 

7676 

7677 

7678 

7679 

7680 

' 

3.8848520 
$.8849086 
$.8849652 
3.8850218  1 

3.8850784  ‘ 

1  _ 

7641 

7642 

7643 

7644 

7645 

$.8831502 
$.8832070 
$.8832639 
$.8833207 
3*883  3775 

3.8851350 

3.8851915 

3.8852481 

3/8853047 

3.8853612 

1  7681 

1  768*2 

I  7^3 
j  7684 
!  7685 

$.8854178 

3.88s4743 

$.8855308 

$.8855874 

$.8856439 

7646 

7647 

7648 

7649 

7650 

$.8834343 

3.883491 1 
$.8835479 
$.8836047 
3.8836614 

7651 

7652 

7653 

7654 

7655 

5.883  7 1 82 
J.88377S0 
3.8838317 

3.8838885 

3-8839452 

7686 

7687 

7688 

7689 

7690 

$.8857004 

$.8857569 

$.8858134 

$.8858699 

$.8859263 

7656 

7657 

7658 

7659 

7660 

$.8840019 

$.8840586 

3.884IJ54 

$.8841721 

$.8842288 

7691 

7692 

7693 

7694 

7695 
• 

$.8859828 

$.8860393  j 
$.8860957  1 
3,8861522 
$.8862086 

7661 

7662 

7663 

7664 
766s 

$.8842855 

3.884342T 

$.8843988 

$.8844555 

3.8845122 

7696 

7697 

7698 

7699 

7700 

$,8862651 

$.8863215 

$.8863779 

$.8864343 

$.8864907] 

Num.[^r«k. 

iSJuni.r  Logarithm. 

JN uni. T  L  QParithm. 

77  o  i 

7702 

7703 

77°4 

7705 

3.8^6547 1 

3.8866035- 

3.8866599 

3.8867153 

3.8867726 

7736 

7737 

7738 

7739 

7740 

7741 

7742 

7743 

7744 

7745 

3.8885  165 
3.8885726 
3.8886287 
3.8886848 
3.8887410 

777 1 

7772 

7773 

7774 

7775 

3.8904769 

3.8905328 

3.8905887 

3.8906445 

3.8907004 

78c  6' 

7807 

7808 

7809 

7810 

3.89242  85 
3.8924842 
3.8925398 
3.8925954 
3.8926510 

7706 

7707 

7708 

7709 

77ie 

771 1 
77T2 

77 1 3 

7714 

7715 

3.8868290 

5.8868854 

3.8869417 

3.8869980 

3.8870544 

3.8887971 

3.888853I 

3.8889092 

3.8889653 

3.8890214 

7776 

7777 

7778 

7779 

7780 

3.8907562 

3.8908120 

3.8908679 

3.8909238 

3.8909796 

7811 

7812 

7813 

7814 

7815 

3.8927066 

3.8927622 

3.8928178 

3.8928734 

3.8929290 

3.8871107 
3.8871670 
3.8872233 
3.8872796 
3.8873  359 

7746 

7747 

7748 

7749 

7750 

775  i 

7752 

7753 

7754 

7755 

3.889O775 

3.8891336 

3.8891896 

3.8892457 

3*8893017 

7781 

7782 

7783 

77«4 

7785 

3.8910354 
3.8910912 
3.8911470 
3.8912028 
3.89125  86 

7816 

78x7 

7818 

7819 

7820 

3.8929846 

3.8930401 

3.8930957 

3.8931512 

3.8932068 

7716 

7717 

7718 

7719 
772° 

3,887392*2 

3.8874485 

3.8875048 

3.8875610 

,3.8876173 

3.8893577 
3.889413  8 

3.8894698 

3.8895258 
3.889581 8 

7786 

7787 

7788 

7789 

7790 

5.8913144 

3.8913702 

5.8914259 

3.^914817 

5.8,15375 

7821 

7822 

7823 

7824 

7825 

— - - 

.  <r 

3.8932623 
3.8933  178 

3.8933733 

3.8934288 

3.8934843 

1,7721 

7722 

7723 
772+ 
k772S 

3.8876736 

3.8877298 

3.8877860 

3.8878423 

5.8878985 

7756 

7757 

7758 

7759 

7760 

3.8896378 

3.8896938 

3.8897498 

3.8898058 

3.8898617 

7791 

7792 

7793 

7794 

7795 

3.89x5932 

3.^916489 

3.8917047 

3.8917604 

3.8918161 

7826 

7827 

7828 

7829 

7830 

3.8935398 

3.8935953 

3.8936508 

3.8937063 

3.8937618 

7726 

7727 
772-8 

?  ^729 
7730 

3.8879547 
3.8880109 
3.8880671 
3.8,88123  3 
3.8881795 

7761 

7762 

7763 

7764 

7765 

7766 

77^7 

7768 

7769 

7770 

3.8899177 

3.8899736 
3.8900296 
3.8900855 
3.890141 5 

7796 

7797 

7798 

7799 

7800 

3.8918718 
?. 8919275 
3.8919832 
3.8920389 
3.8920946 

7841 

7832 

7833 

7834 

7835 

3.8938172 

3.8958727 

3  8939281 

3  8939836 
3.894039c 

7731 

773  2 

77?3 

7734 
i  773  3 

3.8882357 
3.8882918 
?.888348o 
3.8884042 
?,888  4603 

3.89  or  974 
3.8902533 
3.8903092 
3.8903651 
2.8904210 

7801 

7802 

7803 

7804 

7805 

3.8921,503 

3.8922059 

3.8922616 

3.8923173 

3.8923729 

7836 

7837 
,7838 
7839 

784,0 

4.8940944 

3.^941498 

3.894205? 

3  8942607 

3  894.3161 

Nuin.i  Logarithm. 


7841 

7842 

7843 

7844 
7§4T 


7846 

7847 

7848 

7849 

7850 


7851 

7852 

7853 

7854 


3-»9437i5 

3.8944268 

3.8944822 

3-8945376 

3.8945929 


3.8946483 

3.8947037 

3.894759° 

3.8948143 

3.8948697 


3.8949256 

3.8949803 

3.8950356 

3.8950909 


7855  3.895 r+62 


7856 

7857 

7858 

7859 

7860 


7861 

7862 

7863 

7864 

7865 


3.8952015 

3.8952568 

3.8953120 

3.8953673 

3.8954225 


7866 

7867 

;8S8 

7869 

7870 


3-8954778 

3.8955330 

3.8955883 

3.8956435 

■3.8956987 

3.8957539 
3.8958091 
3.8958643 
3.8959195 
3 -89  s 9747 


3.8960299 

3.8960851 

3.8961403 

3.8961954 

.8962506 


Num  T  Logarithm. 

Num.\  Logarithm. 

Nurrt.l 

Logarithm.  ( 

7876 

3.8963058 

79  a 

3.89623 14 

7946 

5,9001  436 

7877 

3.8963608 

79 12 

3.8982863 

7947 

3,9002032 

7878 

3.8964160 

7913 

3.8983412 

7948 

3.9002579 

7  87c, 

3.896471 1 

7914 

3.8983960 

794^ 

3,9003  125 

7880 

3.8965262 

79!  5 1 

3.8984509 

79)0 

3.9003671 

7881 

3.896581  3 

7916 

3.8985058 

79)1 

3.9004218 

7882 

3.8966364 

7917 

3.8985606 

7952 

3.9004764 

7883 

3.896691* 

7918 

3.8986155 

7953 

3.9005310 

7884 

3.8967466 

7919 

3.8986703 

7954 

3.9005856 

7885 

3.8968017 

7920 

3.8987252 

7955 

3.9OO64  02 

7886 

3.8968568 

7911 

3.8987800 

7956 

3.9OO6948 

7887 

3.89691 18 

7922 

3.8988348 

7957 

3.9007494 

7888 

3.8969669 

7923 

3.898  8-897 

7958 

3.9008039 

7889 

3.8970220 

79^4 

3.8989445 

7959i 

3.9008585! 

7890 

3.8970770 

7925 

3.8989993 

7960 

3.9OO9131 

7891 

3.8971320 

7926 

3.8990541 

7961 

3.9OO9676 

7892 

3.8971871 

7927 

3.8991089 

,7962 

3.9010222 

7893 

3.8972421 

7928 

3.8991636 

7963 

3.90107  67 

7894 

3.8972971 

7929 

3.8992184 

7964 

3.90II3I3 

7895 

3.8973521 

7930 

\ 

3.8992732 

7965 

3.9OI1858 

7896 

3.897407! 

7931 

3.8993*79 

7966 

3.9OI24O3 

78  97 

3.897462 1 

7932 

3.8995827 

7967 

3.901294b 

7898 

3.8975171 

793  3 

3.8994375 

7968 

3.9013493 

7899 

3.8975721 

7934 

3.8994922 

7969 

3.90 140  38 

7900 

3.8976271 

7935 

3.8995409 

7970 

3.9014583 

7901 

3.8976821 

7936 

3.8996017 

7971 

3.9OI  5  I2§ 

7902 

3.8977370 

7937 

3.8996564 

7972 

3.9015673 

7903 

3.8977920 

7938 

3.8997m 

7973 

3.901621b 

7904 

3.8978469 

7939 

3.8997658 

7974 

3,9016762 

7905 

3.8 979oi9 

7940 

3.8998205 

7975 

3.9017307 

7906 

3.8979568 

7941 

1 3.59987  52 

7976 

3.90x7851, 

7907 

3.8980117 

7942 

3.8999299 

7977 

3.9018396 

7908 

3.8980667 

7943 

3.8999^46 

797^ 

5-9018940 

O  i 

790c; 

3.8981216 

7944 

.  3.9.000392 

7975 

)  3.9019485 

791c 

>[3.898176? 

7945 

3.9000949 

79oO|  3  .9020029 

U  u  a  u  u 


Num.|  Logarithm. 

Num.j  Logarithm. 

iNum.j  Logarithm.  1 

Num.r  Logarithm 

79S1 

7982 

7983 

7984 

798j 

3.9020573 
\9021 117 
3.9021661 
3.9022205 
3.9022749 

8016 

8017 

8018 

8019 

8020 

3.9039577 

3.9040119 

3.9040661 

3.9041202 

3.9041744 

8051 

8052 

8053 

8054 

8055 
• 

3.9058498 
3.9059038 
3.9059577 
3.90601 16 
3.9060656 

Ro86 

8087 

8088 

8089 

8090 

3.90773  37 

3.9077874 

3.9078411 

3.9078948 

3.9079485 

7986 

7987 

7988 
7  9%> 
799 c 

3.9023293 
3.90238  $7 
3.9024381 
3.9024924 
3.9025468 

802  r 
8022 
8023. 

8024 

8025 

3.9042285 

3.9042827 

5.9043B68 

3.9043909 

3.9044450 

8056 

8057 

8058 

8059 

8060 

3.9061 195 
3.9061734 
3.9062273 
3.9062812 
3.9063351 

8091 

8092 

8093 

8094 

8095 

3.9080022 
3.9080559 
3.9081095 
3.9081632 
3.90821 69 

799 1 

7992 

7993 

7994 

7995 

3.9026011 

3.9026555 

3.9027098 

3.9027641 

3.9O28185 

8026 

8027 

8028 

8029 

8030 

3.9044992 

3.904553  3 
3.9046074 
3.9046615 
3.9047155 

8061 

8062 

8063 

8064 

8065 

3,9063889 

3.9064428. 

3.9064967 

^.9065505 

3.9066044 

8096 

8097 

8098 

8099 

8100 

3.9082705 

3.9083241 

3,9083778 

3.90843x4 

3.9084850 

7996 

7997 

7998 

7999 

8000 

3.9028728 

3.9029271 

?. 90298 1 4 

5-9030357 

3.9030900 

803 1 

8032 

8033 

8034 

8035 

3.9047696 

3.9048237 

3.9048778 

3.9049318 

3.9049859 

8066 

8067 

8068 

8069 

8070 

3.9066582 

3.9067121 

3.9067659 

3.9068197 

3.9068735 

8101 

8102 

8103 

8104 

8105 

3.9085386 
3.9085922 1 
3.9086458 1 
3.9086994 
3.9087530 

8001 

8002 

8003 

8004 

8005 

8006 

8007 

8008 

8009 

8010 

8036 

8037 

8038 

8039 

8040 

5.903 1443 
3.9-31985 
3.9032528 
3.9033071 
J.9043613 

3.90503  99 
3.9050940 
3.90514S0 
3.9052020 
3.9052560 

8071 

8072 

8073 

8074 

8075 

3.9069273 
3.9069812 
3.90703  50 
3.9070888 
3.9071425 

8106 

8107 

8108 

8109 

8110 

3.90880  66 
3.9088602 
3.9089x37 
3.9089673  f 
3.9090209 

3.9034156 

3.9034698 

3.9033241 

3.9035783 

3.9036325 

8041 

8042 

8043 

8044 

8045 

3.9053101 

3.9053641 

3.9034181 

3.9054721 

3.9055261 

8076 

8077 

8078 

8079 

8080 

3.9071963 

3.9072501 

3.9073088 

3.9073576 
3.90741 14 

8111 

8112 

8113 

8114 

8115 

1.9090744 
1.9091279 
5.9091815 
5-9092?  50 
3.9092885 

3oii 

8012 

«&QI3 

8014 

8015 

\9036867 

3.9037409 

5.9037951 

5.9038495 

2.9039035 

8046 

8047 

8048 

8049 

8050 

3.9055801 

3.9056341 

3,9056880 

3.905742© 

?.9P5796o 

8081 

8082 

8083 

8084 

8085 

3.9074651 

3.9075188 

3.9075726 

3.9076263 

3.9076800 

8116 

8117 

8118 
81x9 
8120 

5.9093420 

5.9093955 

5.9094490 

3.9095025 

5-9«$»556° 

Logarithm, 


3.9096095 
3.9096630 
3.9097165 
3. 9097699 
8i2j‘3.9°98234 


3  I  26 
8127 
8128 
8129 
8l  JO 


3.9098768 

3.9099303 

3.9099837 

3.9I0037I 

3.9100905 


Num  1  Logarithm . 

81  56 
8x57 

8158 

8159 

8160 


8131 

3132 

8x33 

8134 


3.9101440 

3.9101974 

3.9102508 

3.9103042 


8161 

8162 

8163 

8164 

8165 


8135  3.9103576 


8136 

8137 

3138 

8139 

8140 


8141 

8142 

8143 

8144 

8145 


3.9104x09 
3.9104643 
3.9x051 77 
3.9x05710 
3.9106244 

3.9106778 

3.91073H 

3.9107844 

3.9x08378 

3.9108911 


8166 

8x67 

8168 

8160 


3.91 14772 
3.9115305 

3.91x5837 

3.9116369 

3.9x16902 

3.91X7434 
3.9117966 
3.9118498 
3.91 19030 
3.9x19562 

«riwiOT--i  j  !■  1  1  ■  « 

3.9120094 

3.9120626 

3.9121157 


NuiB-iLogifiVlw*. 


8146  3-9io9444 

8147  3-9>°9977 
814813-9110510 
3149  3.91  H043 


S191 

8192 

8x93 

8194 

8195 


8196 

8197 

8198 

8199 

8200 


3.9133369 

3.9133899 

3.9134430 

3.9134960 

3.9135490 


8150 


8151 

8152 

8153 

8154 

8135 


3.9111576 

•   

3.9X12109 

3.9I  I2642 
3.9H3I74 

3.9ix37°7 

3.9114240 


8170 

3.9122220 

8171 

3.9122752 

8172 

3.9123234 

8173 

3.9123815 

8174 

3.9124346 

8175 

3.9I24878 

8176 

3.9125409  1 

8177 

3.9125940 

8178 

3.9I2647I 

8179 

3.9127002 

8180 

3.9X27533 

8x  8  x 

3.9128064 

8182 

3.9128595 

8183 

3.9129 126 

8184 

3.9129656 

8185 

3.9130187 

8186 

3-9130717 

8187 

3.9131248 

818S 

3.9131778 

1  81 8$ 

3.9132309 

1  819c 

3.9132839 

8201 

8202 

8203 

8204 

8205 
- 


3.9136019 

3.9136549 

3.9137079 

3.9137609 

3-9138139 

3.9138668 

3.9139198 

3.9139727 

3.9140257 

3.9140786 


8206 

8207 

8208 

8209 

8210 


3.9141315 

3.9141844 

3.9142373 


8211  3.9143961 

8212 

8213 

8214 
8215,3*9146076 


8216 

8217 

8218 

8219 

8220 


Num.f  Lorjritbm. 

8226  : 

5.91 5 1 8»7 

8227 

5.91524*5 

8228 

5.9152943 

8229 

5.9I53471 

82301 

3.9153998 

8231 

3.9154526 

8232 

3.9155054- 

823? 

'b 

oc 

t— t 

8234 

3,9156109 

8255 

3.9156636 

8236 

3-9i57i63 

8237 

3.915769' 

8238 

3.9158218 

8239 

3.91587451 

8240 

3.9x59272 

8241 

3.91597  99 

8242 

3.91603  26 

8243 

3.9160853 

8244. 

3.9161380 

8245 

3.9X61907 

8246 

3.9162433 

>  8247 

3.9l62960j 

8248 

3.9163487 

r  8249 

3,9164013 

)  825c 

).3.9i64539 

8221 


3.9x46604 

3.9x47x33 

3.9147661 

3.9148190 

3.9148718 


3.9149246 


8251 

8252 

8253 

8*54 

8255 


8222  3.9x49775 


8223 

8224 

8225 


3.9150303 

3.9x50831 

3.915x359 


3.9165066 
3.9165592 
3.91661 18 
3.9166645 

3.916717* 


8256 

8257 

8258 

8259 

8260 


3.9167697 

3.9168223 

3.9168749 

3.9169275 

3.916980c 


U  u  u  u  u  2 


N 


Num. 

i 

8262 

8263 

8264 
82  65 

I  Logarithm . 
3.9170326 
3.9170852 
3.9171378 

3.9171903 

3.9172429 

Num 

8296 

8297 

8298 

8299 

8300 

■  \  Logarithm . 
3.9188687 
3.918921 1 
3.9189734 
4.9190258 
3.9190781 

lN  um 

8331 

8332 

8333 

8334 

8335 

•I  Logarithm. 
3.9206971 
3.9207493 
3*9208014 
3.9208535 
3.9209056 

.Num 

8306 

8367 

8368 

8369 
837c 

8371 

8372 

8373 

8374 

8375 

•T  Logarithm 
1.9225179 

*♦9225698 

5*9226217 

*.9226756 

5*9227255 

82  66 

8267 

8268 

8269 

8270 

3.9172954 

>•9173479 

3.9174005 

3.9174530 

3.9175055 

8301 

8302 

8303 

8304 

8305 

3.919*304 

3.9191827 

3.9192350 

3.9192873 

3*9X93396 

83  36 

8337 

8338 

8339 

8340 

3.9209577 

3.9210098 

?. 9210619 
3.9211140 
3.9211661 

*.9227773 
5*  9228  292 
*.9228811 
5.9229330 
*.9229848 

8271 

8272 
§273 
8 '74 
8275 

13.9175580 

3.9170108 

|3.9«7<5630 

34>I77I55 

3.9177680 

8306 

8307 

8308 

8309 

83 10 

3.9193919 

3.9194442 

3.9194965 

3.9195488 

3.9196010 

8341 

8342 

8343 

8344 

8345 

5.92I2l8l 

3.92127OI 

3.9213222 

3.9213743 

3.9214263 

8376 

8377 

8378 

8379 

8380 

8381 

8382 

8383 
S384 
8385 

*•9230367 
3.9230885 
.*.9231404 
3.923  1922 
3.9232440 

8276 

8277 

8278 

8279 
,  8280 

828I1 
8282 
82S3 
8284 
I8285 1 

3.9178205 

3.9178730 

.'.9179254 

3-9179779 

3.9180303 

3.9180828 
3.9I8i.352 
?.9l8l877 
?.pi  82401 

3.9  J  82925. 

83  1 1 
83  12 
8313 
8.314 

8315 

8316 

8317 

8318 

8319 

8320 

3.9196533 

3.9197055 

3.-9^97578 

3.9198100 

3.9198623 

3.9X99145 
3.9199667 
3.92001  89 
2,92007  II 

3.9201233 

8346 

8347 
8348' 

8349 

8350 

8351 

8352 

8353 

8354 

8355 

8356 

8357 

83  58 

8359 

8360 

3.9214784 

3.921)304 

3.9215824 

3.9216345 

3-92I6865. 

*.9232958 
*•923  3477 
3»923  3995 
*.9234515 
**9235031 

3.5217385 

3.9217905 

3.9218425 

3.9218945 

3.9219465 

8386 

8387 

8388 

8389 

8390 

’•9235549 
3.9256066 
3.9236584 
3.9237102 
3.923  -620 

'.9238137 

3.9238655 

*.9239172 

3.9239690 

h92i0207 

• 

*.9240724 

**9241242 

3.9241759 

3.9242276 

3.9242793 

J8286 

I  82,87 

I8288 

8289 

88290 

3.9183449 

5.9183973 

3.9184497 

3.9185021 

3.9185545 

8321 

8322 

8323 

8324 

8325 

3.9201755 

3.9202277 

3.9202799 

3.9203321 

3.9203842 

< 

3.9219984 

3.9220504 

\922I024 

3.9221543 

3.9222063 

8391 

8392 

8393 

8394 

8395 

18291 

18292 

8293 

8294 

8295 

4- - - - 

3.9186069 

3.9186593 

3.9187117 

3.9187640 

T.9188164 

8326 

8327 

8328 

8329 
8  ?30 

3.9204364 
3.9204886 
3.9205407 
3.92059  29 
3.9206450 

8361 

8362 

8363 

8364 

8365 

3.9222582 
3.9223  02 
3.9223621 

3.9224140 

3.9224659 

8396 

8397 

8398 

8399 

8400 

t 


Hum.] 
840  I 

8402 

8403 

8404 

8405 


3.9243310 

3.9243827 

5*9-244344 

3.9244860 

3*9245377 

843d 

8437 

8438 

8439 

8440 

3.9261366 

3.926l880 

3.9262395 

3.9262910 

3.9263424 

8471 

8472 

8473 

8474 

8475 

3.9279347 

^.9279859 

3.9280372 

3.9280885 

3.9281397 

3.9245894- 

5.9246410 

3.92469*7 

3.9247444 

3.9247960 

8441 

8442 

8443 

8444 

8445 

3.9263939 

3.9264453 

3.9264968 

3.9265482 

3.9265997 

8476 

8477 

8478 

8479 

8480 

8481 

8482 

8483 

8484 

8485 

3.9281909 

3.9282422 

3.9282934 

3.9283446 

3.9283959 

3.9248476 
3.9248993 
3.9249509 
3.9250025 
ij  3-92  5  oj  4 1 

8446 

8447 

8448 

8449 

8450 

3.92665II 

3.9267025 

3.9267539 

3.9268053 

3.9268567 

3.9284471 

3.9284983 

3.9285495 

3.9286007 

3.9286518 

~  \  • 

5  3*925 1057 

7  3.9251573 

3 .3.925.2089 
?  3.9252605 

3  3.9253IJI 

8451 

•8452 

8453 

8454 

8455 

3.9269O8I 

3.92.69595 

3.9270109 

3.9270622 

3.9271136 

8486 

8487 

8488 

8489 

f8490 

3.928703.0 
3.9287542 
3.9288054 
3.9288565 
3.92890  77 

3.9253<337 

2  3.92541  52 

3  3.9254668 

4  3.92  5  5 1 84 
5,3.9255699 

8456 

8457 

8458 

8459 

8460 

3.9271650 

3.9272163 

3.9272677 

3.9273190 

3.9273704 

8491 

8492 

8493 

8494 

8495 

3.9289588 
3.9290 1 00 
3.929061 1 
3.9291 123 
3.9291634 

.  -  ■  ■ 

6  3.9256215 

7  3.9236730 

8  3.9257245 

9  3-9257761 
0  3-9258276 

8461 

8462 

8463 

8464 

8465 

3.9274217 

3.9274730 

3.9275243 

3-9275757 

3.9276270 

8496 

8497 

8498 

84  99 
8500 

3.9292145 

3.9292656 

3.9293167 

3.9293678 

3.9294189 

1  3.9258791 

2  3.9259306 

3  3.9259821 

4  3.92603  36 

5  3.926085! 

8466 

8467 

8468 
8465 

847c 

3.9276783 

3.9277296 

3.9277808 

3.9278321 

3.9278834 

8501 

8502 

8503 

8504 

8505 

3.9294700 

3.9295211 

3.92957 22 

-  3.9296233 

3.9296743 

Num.j 

Logarithm. 

8506 

3.9297254 

8507 

3.9297764 

8508 

3.9298275 

8509 

3.9298785 

8510 

3.9299296 

8511 

3.9299806 

8512 

3.9300316 

8513 

3.93008Z6 

85  14 

3.930*3  36 

8515 

3.9301847 

<■ 

8516* 

3.9302357 

8517 

3.9302866 

8518 

3-9303376 

8519 

3  *93  °3  8  86 1 

.852° 

1 

3*93  043  96J 

8521 

3.93O49O6I 

8522 

3.9305415 

8523 

3.9305925 

8524 

3-9306434 

8525 

3.9306944 

8526 

3.9307453 

8527 

3.9307963 

8528 

3.9308472 

8529 

3.930898t 

8530 

3.9309490 

8531 

3.9309999 

8532 

3.9310508 

8533 

3.93IIOI7 

8534 

3.9311526 

8435 

3.9312035 

8536 

3.9312544 

8537 

3-93  !.3°53t 

,8538 

3  93I3561 

853s 

3  9? 14070 

854c 

3  9314579] 

Nu  m.\  Logarithm. 

NiHti.f  Logarithm. 

8541 

8542 

8543 

8544 

854s 

.3.9315087 
?-93i5596 
3.93:6154 
5.931 661 2 
3.9317:21 

8576 

8577 

8578 

8579 

8580 

3.933284s 

3.9333354 

3-9333860 

3.9334367 

3.9334873 

8546 

8347 

8548 

8549 

8550 

3.9317629 

3.9318137 

3.93:8645 

?.93t9i53 
3.93  19661 

8581 

8582 

8583 

8584 

8585 

3-93  353  79 
3-9335885 
3.9336392 
3.9336897 
3-9337403 

8551 

8552 

8553 

8554 
8535 

8556 

8557 

8558 

8559 

8560 

3.93201 69 
3.9320  677 
3.9321185 
3.9321692 
3.9322200 

8586 

8587 

8588 

8589 

8590 

3.9337909 

3-9338415 

5.9338920 
3.9339426 
3.93  39932 

3.9322708 

3.9323215 

?.9323?23 

3.9324230 

3.9324738 

8591 

-8392 

8593 

8594 

8595 

3.9340437 

3.934094? 

3.9341448 
?.9?4r953 
3.934245 9 

856 1 

8562 

8563 

8564 

8565 

3.9325245 
3.9325752 
3.9326259 
3.93  26767 
3.9327274 

8596 

8397 

8598 

8599 

8600 

3.9342964 

3.9343469 
3-9343  974 
3-9344479 
'.9344984 

8366 
18367 
1 8  368 

8569 

8570 

3.9327781 

3.9328288 

3,9328795 

3.9329301 

3.9329808 

8601 

8602 

8603 

8604 
86  05 

3.9345489 

3-9345994 

3.9346499 

3.9347004 

3.9347509 

8371 

8372 

8373 

8374 

8575 

3.9330315 

3.9330822 
3,9331328 
3.9331835 
3.93  32341 

8606 

8607 

8608 

8609 
8616 

3.93480:3 

3.9348518 

3.9349022 

?.9349527 

3.9350032 

Num.f  Logarithm 

Nam.  [Logarithm. 

5611 

8612 

8613 

8614 

8615 

3-9350536 

3.935 1 040 
3-93  5 '544 
'•93  52049 
3-9 3  52553 

8646 

8647 

8648 

8649 

8650 

3.9368l82 
3.9368655 
3.9369157 
3.9369659 
3.93  701 6 1 

8616 

86 17 

8618 

8619 

8620 

» 

$•93  53057 
3-9353  56: 
3.9354065 

3-93545 69 
3-93  55073 

8651 

8652 

8653 

8654 

8655 

3.9370663 
3.9371165 
3.93  7 1 667 
3.9372169 
3.9372671 

8621 

8622 

8623 

8624 

8625 

3-93  55576 
3.9356080 
3.9336584 
3.9357 087 
3-9357591 

8656 

8657 

8658 

86?p 

8660 

3.8373  J72 
3-9373674 
3-9374ij7t 
3-9374077 
$-9375I7S 

8626 

8627 

8628 

8629 

8630 

?.9358095 

3.9358598 

3.935910I 

3.9359605 

3.9360108 

8661 

8662 

8663 
8064 
8665 

3.937568c 

3.9376182 

3.937*5683 

3.9377184 

3.9377686 

8631 

8632 

8633 

8634 

8635 

8636 

8637 

8638 

8639 

8640 

| 

?.93606ll 

3.936X114 

3.936I6I7 

3.9362120 

3.9362623 

8666 
8667 
.  8668 

8669 

8670 

3.9378187] 

3.9378688 

3.9379189 

3.9375690 

3.938019: 

3.9363  126 
?.9363629 

3.9364132 

5.9364635 

3.9365137 

8671 

867-2 

8673 

8674 

8675 

8676 

8677 

8678 

8679 

8680 

3.9380692 

5.9381193 

^9381693 

3.9382194 

^.9382695 

8641 

8642 

8643 

8644 

8645 

3.936564c 

3.9366143 

3.9366645 

3.9367148 

5.9367650. 

3.9383195 

3.9383696 

3.9384196 

3.93  84697 

?.938u97 

•V 


Num  j  Loz&ritbm. 

Nam. 

Logarithm. 

Num.f  Logarithm, 

Num-t  L  cgarnbm. 

8716  3 

8717  3 

8718  3 

8719  3 

8720  : 

.9403 1 72 
.9403670 
[.9404169 
.9404667 
[.9405165 

8751  j 

8752  : 

8753  : 

8754 : 
8755 . 

[.9420577 

[.9421073 

[.9421569 

[.9422065 

3.9422561 

©700  t 

8787  3 

8788  3 

8789  3 

8790  ; 

•943  8406 
.943  8900 

5^94393  9  5 
5.9439880 

86*  i  3 

8682  3 

8683  5 

8684  ■ 
8685 : 

8686 

8687 

8688 

8689 

8690 

.9383698 

1.9386198 

[.9386698 

I.9387«98 

5.9387698 

- 

3.9388198 

j.9388698 

3.9389198 

3.9389698 

3«939OI98 

8721  ; 
8722 : 

8723 

8724 

8725 

3.9405663 
[.9406161 
3.940665  9 
3.9407157 
3.9407654 

8756 

8757 

8758 

8759 

8760 

3.9413058 

3-9423553 

3.9424049 

3.9424545 

3.9425041 

8791  . 

8792 

8793 

8794 

8795 

3:94403  83  j 

3.9440877 

3.9441371 

3.9441865 

3.9442358 

8796 

8797 

8798 

8799 

8800 

{ 

3.9442852 

3.9443346 

3.9443840 
3-94443  3  3 
3.9444827| 

8691 

8692 

8693 

8694 

8695 

3.9390697 

3.939II  97 
3.9391697 
3.9392196 
3.9392696 

8726 

'8727 

8728 

8729 

8730 

3.9408152 

3.9408650 

3.9409x47 

3.9409645 

3.9410142 

8761 

8762 

8763 

8764 

8765 

8766 

8767 

8768 

8769 
.8770 

3.9425537 

3.9426032 
3.9426528  I 
3.9427024 1 

3.9427519 1 

8801 

8802 

8803 

8804 

8805 

3. 9445  3  20  j 

3.9445814 

3.9446307 

3.9446800 

3.9447294 

8696 

8697 

8698 

8699 

8700 

3.9393I9S 

3.9393695 

3.9394194 

3.9394693 

3.9395193 

8731 

8732 

8733 

8734 

8735 

8736 

8737 

8738 

8739 

8740 

8741 

8742 

8743 

8744 

8745 

3.9410640 

3.94**137 

3.9411635 

3.9412132 

3.9412629 

3.9428015 
3.94285 1 0 
J.9429005 
3.9429501 
3.9429996 

8806 

8807 

8808 

8809 

88lO 

3.9447787 

31.9448280 

3.9448773 

3.9449266 

3.9449759 

8701 

8702 

8703 

8704 
870)3 

3.9395692 

3.9396191 

3.9396690 

3.9597 1 89 

3.9397688 

3.9413126 

3.9413623 

3.9414120 

3.9414617 

3.9415114 

8771 

8772 

8773 

8774 

8775 

8776 

8777 

8778 

8 77S 
878c 

3.9430491 1 

3.9430986 

3.9431481 

3.9431976 

3.9432471 

8706 

8707 
870S 
87O5 
87IC 

3.9398187 
3.9  398685 
3.9399184 
3.9399683 
3.9400182 

3.9415611 

3.9416108 

3.94x6605 

3.9417101 

3.9417598 

3.9432966 

3.9433461 

3.9433956 

3*943445° 

3-9434945 

88H 

8812 

8813 

8814 

8815 

3.9450252 

3.9450745 

3.9451238. 

3.945173° 

3.9452223 

88i£ 

8817 

8818 
88 1  s 
882c 

3.9452716 

3.9433208 

3-94537°! 

3.9454192 

D  9454686 1 

8711 

871: 

8713 

871c 

871; 

3.9400680 
3.940117  9 
3.9401677 
3.9402176 

'  5  nJ.G)2674. 

8746 

8747 

8748 

8749 
873c 

3.9418095 

3.9418591 

3.9419088 

3.9419584 
)  2.9420081 

8781 

878; 

878; 

878^ 

878: 

?.94  3544° 
i  5.9435934 
5.943  <H29 
I-  5.943  ^92  3 

>  5.94374*8 

1  /  1 

-•■W  r'  ,  , 


Num.f  Logarithm.  • 

Num  f  Logarithm. 

Num.  f  Logarithm ■ 

Num.  1  Lourithm 

8821 
8822 
;  8823 
‘  8824 
8825 

5*9455 17^ 
5.945567J 
3.9456163 
3.945665:5 
3-9457H7 

S850 

8857 

8858 

8859 

8860 

5.9472.37^ 

3.9472866 

5-9473  557 
3.9473847 

5*94743  37 

8891 

8892 

8893 

8894 

8895 

3.9469506 

3.9489994 

3.949°483 

3.9490971 

3.9491460 

8926 

8927 

8928 

8929 

8930 

3.9  506569 
5.9507055 
3*9507542 
3.9508028 

5.9508515 

8826 

8827 

8828 

8829 

8830 

3.9457639 

3-9458i3i 

3.9458623 

3.94591 15 
3.9459607 

8861 

8862 

8863 

8864 

8865 

3.9474827 

3*9475317 

3.9475807 

3.9476297 

3.9476/87, 

8896 

8897 

8898 

8899 

8900 

3.9491948 

3.949243  6 
3.9492924 
3.9493412 

3.9493900 

8931 

8932 

8933 

8934 

8935 

8936 

8937 

8938 

8939 

8940 

3.9509001 
3.95  09487 
3.9^  0997  3 

3.9510459 

3.9510946 

8831 

8832 

8833 

8834 

883,5 

8.836 

8837 

8838 

8839 

8840 

3.9460099 

3*9460591 

3.9461082 

3.946I574 

3.9462066 

88-66 

8867 

8808 

8869 

8870 

3.9477277 

3*9477767 

3.9478257 

5*9478747 

3.947923  6 

8901 

8902 

8903 

8904 

8905 

3.94943  88 
3.9494876 
3.9495364 
5*9495  85 1 

3-9496339 

3-95 1 143  2 
3.9511918 
3.9512404 
3.9512889 
3.95I3375 

3.94625  57 
3.9463048 

^9463540 
3.946*403 1 
3.9464523 

8871 

8872 

8873 

8874 

8875 

8876 

8877 

8878 

8879 

8880 

5-9479726 
3.9480215 
3.948 O7O5 
3.9481194 
3.948l684 

8906 

8907 

8908 

8909 

8910 

1.9496827 

3.9497314 

3.9497802 

3.9498290 

3.9498  777 

8941 

8942 

8943 

8944 

8945 

3.9513861 

3.9514347 

3.95r4832 

3.95153.18 

3.9515803 

8841 

$842 

8843 

8844 

8845 

4.946 50 1 4 
,3.9465505 
3.9465996 
3.9466487 

3  9466978 

3.9482173 

3.9482662 

3.9483151 

3.948364I 

?.9484I3° 

8911 

8912 

8913 

8914 

8915 

3.9499264 

?.9-499752 

3.9.500239 

3.9500726 

3.9501213 

8946 

8947 

8948 

8949 

8950 

3.9$  I6289! 

?-95l6774 
3.9  5 1 7260 

5-95 1 7745 
3.9518230 

8846 

8847 
8  848 

8849 

8850 

8851 

8852 

8853  ‘ 

8854 

3.9467469 
3.9467960 
?£h6845i 
3.9468942 
3.946943  3 

8881 

8882 

8883 

8884 

8885 

3.94846I9 

3-9485 IQS 
5-9485597 

3.9486085  1 
3.9486574 

8916 

8917 

8918 

8919 

8920 

7.9501701 

3.9502188 

3.9502675 

3.9503162 

3.9503649 

8951 

8952 

8953 

8954 

8955 

3.9518716 
3.9519201 
3.9  5 19686 
3,9520171 
^.9520656 

3.9469923- 

3.9470414 

3*9470905 

3.9471395’ 

?.Q4,7T  886 

8886 

8887 

8888 

8889 

8890 

3.9487063 

3.9487552 

3.9488040 

3.9488529 

3.9489018 

8921 

8922 

8923 

8924 

8925 

3.9504135 
3.9504622 
3.9505109 
3.9505596 
?.9 .06082 

8956 

8957 

8958 

895  9 

8960 

3.9521141 
3.952162  6 
3.9522m 
3.9522595 

3.9523080 

-/ 


Num.i 

8961 

8962 

8963 
89*4 
8965 

Logarithm, 

3-9S23J^5 

5.9524049 

3. 9524534 
3.9525018 
3.9525503 

j 

Num.| 

8996 

8997 

8998 

8999 

9000 

900 1 
9002| 

9003 

9004 

9005 

Logarithm • 
3.9540494 
3.9540977 
3.9541460 

?-954r943 

3.9542425 

|Num.] 

9031 

9032 

903  3 

9034 

9035 

Logarithm . 

3-95573S8 

3-95S7839 

3.9558320 

3.9558800 

3.9559282 

Num.j 

9066 

9067 

9068 

9069 

9070 

r  Logarithm  1 

5.957415? 

3-9574636 

3*9575ir5 

3.9575594 

3.9576073 

8$  65 

8967 

8968 
8  969 

8970 

8971 

8972 

8973 

8974 

8975 

3.952  5987 
j.9526472 
3,9526956 
3.9527440 
3.9527924 

3.9542908 
9-9543  390 
?-9543872 

3-9544355 

3.9544837 

9036 

9037 

9038 

9039 

9040 

?.9559762 

3.9560243 

3.9560723 

3.9561204 

3.95^1684 

9071 

9072 

9073 

9074 

9075 

3.9576552 

3.9577030! 

3.9577509 

3.9577988 

3.9578466 

3.9528409 

3.9528893 

j.9529377 

3.9529861 

3*9530345 

9006 

9007 

9008 

9009 

9010 

3-9545319 

3.9545802 

3.9546284 

3,9546766 

3.9547248 

9041 

9042 

9043 

9044 

9045 

3.9562165 

3.9562645 

3.9563125 

3.9563605 

3.9564686 

9076 

9077 

9078 

9079 

9080 

3.9578945 

3.9579423 

3.9579902 

3.9580380 

3.9580858 

8976 

8977. 

8978 

8979 

S980 

8981 

8982 

8983 

8984 

8985 

8986 

8987 

8988 

8989 

8990 

3.9530828 

3.953131* 

3.9531796 

3.9532280 

3.9532763 

9011 

9012 

901 3 

9014 

9015 

3.954773° 

3.9548212 

3.9548694 

3.9549176 

3.9549657 

9046 

9047 

9048 
9649 
9050 

3.9564566 

3.9565046 
3.956552  6 
3.9566006 
3.9566486 

9081 

9082 

9083 

9084 

9085 

9086 

9087 

9088 

9089 

9090 

9091 

9092 

9093 

9094 

9095 

3-958i337 

3.9581815 

3.9582294 

3.9582771 

3.9583249 

3-9533247 

3-9533730 

3.9534214 

?.9534697 

3.9535181 

9016 

9017 

9018 

901 9 

9020 

3*9$S01 39 
3.9550621 
3.9551102 

3.955 1 5g4 

3.9552065 

9051 

9052 

9053 

9054 

9055 

3.9566966 

3.9567445 

3.9567925 

3.9568405 

3.9568885 

3.95S3727 

3.9584205 

3.9584683 

?-9585i6i 

3.9585639 

3.9586117 

3.9586594 

3.9587072 

3.9587549 

3.9588027 

3.9535664 

3.9536147 

3.9536631 

3-9537IX4 

3.9537597 

9021 

9022 

9023 

9024 

9025 

3-955*547 

3.9553028 

3-9553  5 10 
3.9553991 
3.9554472 

9056 

9057 

9058 

9059 
906c 

3.9569364 

3.9569844 

*•9570323 

3.9570803 

3.9571282 

8991 

8992 

8993 
8993 
8093 

7.9538080 

3.9538563 

3.9539046 

3.9539529 

3.9540012 

9026 

9027 
902$ 
902c 
903c 

3-95  54953 
3.9555434 
3-95  5^9i  5 
3.9556397 
v  3-95  36877 

9061 

9062 

9063 
906, 
906; 

3.9571761 

3.9572241 

3-9S72720 

3.9573199 

3-9573678 

9096 

9097 
909 1 
909c 
910c 

3.9588505 

3.9588982 

3.9589459 

3.9589937 

>'3.9';904i4| 

-  -  ■ X  x  x  x  x 

!  N  um .  | 

Logarithm, 

Num  \  Logarithm. 

Num.  j  Logarithm. 

Num. i  Logarithm. 

910  1 

3-959389i 

9136 

3.960/561 

9171 

3.96241,07 

9206 

3.9640710 

9102 

3-9)9 1368 

9137 

3.9608036 

9172 

3.9624640 

9*07 

3.9641 181 

9IO3 

3.9591845 

9138 

3.9608512 

9173 

3.9625114 

9208 

3.9641653 

9104 

3.9592322 

9139 

3.9608987 

9174 

3.9625587 

9209 

3.9642125 

9105 

3.9592799 

914° 

3.9609462 

.9175 

3.9626061 

9210 

3.9642596 

9106 

3.9T93276 

9141 

3.9609937 

9176 

3.9626534 

9211 

3.9643068 

19107 

3-9593753 

9142 

3.9610412 

9177 

3.9^,27007 

9212 

3.9643  5391 

j9I08 

3.9594230 

9H3 

3.9610887 

9178 

3.9627481 

9213 

3.9644011 

9109 

3.9594707 

9f  44 

3.9611362 

9179 

3.9627954 

9214 

3,9644482 

9110 

3.9S9J«84 

9145 

3.9611837 

9180 

3.9628427 

9215 

3  -964495  3 

91 1 1 

3.9595660 

9146 

3.9612312 

9181 

3.96289OO 

9216 

3.9645425 

l9112 

3.9596137 

9147 

3.9612787 

9182 

3.9629373 

92.17 

3.9645896 

3.9596614 

9148 

3.9613262 

9183 

3.9629846 

9218 

3.9646367 

|9iF4 

3.959709° 

9149 

3.9613736 

9184 

3.9630319 

9219 

3.9646838 

19115 

3.9597567 

9150 

3.9614211 

9185 

3.9630792 

9220 

3.9647309 

91 16 

3.9598043 

9l  5 1 

3.9614686 

9186 

3.963  1264 

9221 

3.9647780 

9117 

3.9598520 

9152 

3.9615160 

9187 

3.9631737 

9222 

3.9648251 

9118 

3.9598996 

9153 

3.9615635 

9188 

3.9632210 

9223 

3.9648722 

9119 

3-959947- 

9154 

3.9616109 

9189 

3.9632683 

9224 

3,9649193 

9120 

3.9599948 

9155 

3.9616583 

9190 

3-9633155 

9225 

3.9649664 

9121 

3.9600425 

9156 

3.96x7058 

0 

9191 

3.9633628 

9226 

3.9650134 

9122 

%960090I 

9157 

3.9617532 

9192 

3.9634100 

9227 

3.9650605 

9123 

3.9601377 

9158 

3.9618006 

9193 

3.9634573 

9*28 

3.9651076 

9124 

3.9601853 

9159 

3.9618481 

9194 

3.963  5045 

9229 

3.9651546 

9125 

3.96023  29 

9160 

3.9618955 

9195 

3.963  5  5  J7 

9230 

3.9652017 

1 

9126 

3.9602805 

9161 

3.9619429 

9196 

3.9635990 

9231 

3.9652488 

9127 

3.9603280 

1  9162 

3.9619903 

9197 

3.9636462 

9232 

3.9652958 

I9128 

3.9603756 

9163 

3.9620377 

9198 

3.9636934 

9233 

3.9653428 

9129 

3.9604232 

9164 

3.9620851 

9199 

3.9637406 

9234 

3.9653899 

9130 

3.96O47O8 

9165 

3.9621325 

9200 

3.9637878 

9235 

3.9654369 

9131 

3.9605183 

9166 

3.9621799 

9201 

3.9638350 

9236 

3.9654839 

91.32 

3.5605659 

9197 

3.9622272 

9202 

3.9638822 

9237 

3.9655309 

9133 

3.960613  5 

9168 

3.9622746 

9203 

3.9639294 

9*38 

3.9655780 

9134 

3.96O66IO 

9.69 

3.9623220 

9204 

3.9639766 

9239 

3.9656250 

V  T  3  5 

'  3.9607086 

91701 3.9623  695 

9205 

3.9640238 

9240 

3.9656720 

7*  Logarithm . 

l-9<>57 1 90 

3.9657660 

3.9658130 

3.9658599 

3.9659069 

$.$>659539 

3.9660009 

3.9660478 

3.9660948 

3.9661417 

3.9661887 

3.9662356 

3.9662826 

3.9663295 

3.9663764 


Num. 

\  Logarithm’. 

9276 

3.9673607 

9277 

3.9674076 

9278 

3.9674544 

9279 

3.967501 1 

9280 

3.9675480 

9281 

3.9675948 

9282 

3.9676416 

9283 

3.967688  5 

9284 

3.9677351 

9285 

3.9677819 1 

9286 

',3.9678287 

9287 

3.9678754 

9288 

3.9679222 

7.9664233 

3.9664703 

3.9665172 

3.9665641 

5.9666110 


9290 


9261  3.9666579 

9262  3.9667048 

9263  3.9667517 

9264  3.9667985 

9265  ,3.9668444 


9291 

9292 

9293 

9294 

9295 


3.9680157 

3.968o625 

3.9681092 


9296 

9297 

9298 

9299 

9300 


6266 

6267 

6268 

6269 

6270 


9271 

9272 

9273 

9274 


3.9668923 

3.9669392 

3.9669860 

3.9670329 

3.9670707 

3.9671266 

3.9671734 

3.9672203 

3.9672671 


9301  3.9685296 
9302J3.9685763 

9303 

9304 

9305 


9306 


: 


927 5 1 5.967 5139?  9iioWI9£89497 


7.968763° 

5.9688097 

3.9688564 

3.9689030 


...  -  -  -  — 

Num. 1  Logarithm,  N 

9311  i 

£.9689963  9 

9312  ; 

3.9690430  9 

9313  . 

3.9690896  9 

9314  . 

3.9691362  9 

9315  ■ 

3.9691829  9 

9316 

3.9692295  9 

9317 

3.9692761  9 

9318 

3.9693227  9 

9319 

5.9693693  9 

93  20 

* 

5.9694159  9 

9321 

3.9694625  9 

9322 

5,9695091  9 

9323 

3.9695557  e 

9324 

3.9696023  5 

9325 

1 

3.9696488  s 

1 9326 

3.9696954  ! 

9327 

3.969742°  < 

9328 

(?.9697885  < 

93  29 

3.9698351  < 

9330 

3.9698816  < 

9331 

3.9699282 

9332 

3.9699747 

?  9333 

3.9700213  j 

’  93  34 

.  3.97OO678 

?  9335 

'.3.9701143  \ 

6  933< 

)  3.9701608 

3  933: 

7  3.97O2O74 

ol  933* 

3  1.97025  39  . 
?  3.9703004 

7  933! 

4  934< 

^  T.9703460 

—  1  ~ 

0  934 

3.9703934 

Num;  Logarithm 

~~  5.9706258 

147  3.9706722 
J.9707187 
5.9707652 
J.9708116 


7.9708581 

5.9709045 

3.9709509 

5.9709974 

3.9710438 


7.9710902 

3.9711366 

3.9711830 

3.9712294 

3.9712758 


3.9713222 
3.97136861 
3.97141  50! 
3.9714614 
3.9715078 


3.97 1 5  542- 

3.97x6005 

3.9716469 


9342 

9343 

9344 

9345 


3.9704399 


9371 

9372 

9373 

9374 

9375 

9376 

9377 

9378 


3.9704863 
3.9705328  l  9379 
3.0705793  1  938o 

Xxxxx  2 


3.971785  9 

3.9718323 

3,9718786 

3.97 1 9249 
3.97197 '3 

3.9720176 

3.9720639 
3.9721 102 
3.9721565 
3.9722028 


/ 


Num.[  Logarithm. 


9381 

9382 

9383 
93  84 
938j 


9386 
93  87 
93  88 

9389 

93  90 


3.972249l 

3.9722954 

3.9723417 

3.9723880 

3.9724343 


9391 

9392 

9393 
9J94 
9395 


9396 

9397 

9398 

9399 

9400 


3.9724805 

3.9725268 

3.9725731 

3.9726x93 

3.9726656 

3.9727118 

3.9727581 

3.9728043 

3.9728506 

3.9728968 


9401 

9402 

j94°3 
|  J404 

S9405 


3-97*9430 

3.9729892 

3.9730354 

3.9730816 

3.97  31278 

3-973 1741 
3.9732202. 

3.9732664 

3.9733126 
3.973  3588 


3-97 34050 
3-9734511 
3-9734973 
3-973  5435 
3.9735896 

* 

3.9736358 

3.9736819 

3.973728X 

3.9737742 

3.9738203 


j  Num.  1  Logarithm . 

Num.j 

94*1 

3.9738665 

945 1 

1  941/ 

r  3*9739*2.6 

9452 

941  ^ 

3.9739587 

9453 

94IS 

3.9740048 

9454 

942C 

3.9740509 

9455 

9421 

3  *9740970 

9456 

9422 

3.9741431 

9457 

9423 

3.9741892 

1 9458 . 

9424 

3-9742353 

9459 

9425 

3.9742814 

9460  ; 

9426 

3.9743274 

• 9461  3 

9427 

3-9743735 

9462  3 

9428 

3.9744196 

9+63  3 

9429 

3.9744656 

9464  3 

9430 

3.9745117 

9465  3 

9431 

3-9745577 

94 <56  3 

9432 

3.9746038 

9467  3 

943  3 

3.9746498 

9468  3 

9434 

3.9746959  1 

9469  3 

9435 

3.9747419 

9470  3 

9436 

3.9747870 

947113 

9437 

3.9748340 

,9472  3 

9438 

3.9748800 

9473  3 

9439 

3.9749260 

9474  3 

9440 

3-9749720 

9475  3 

944 1 

3.9750l80 

9476  3 

94+2 

3.9750640 

9477  3 

9443 

3.9751  IOO4 

*9478  3 

9444 

3.975x560 

9479  3. 

9445 

3-975202.0 

9480  3. 

,  r  1 

9346:3.9752479 

9481 3. 

9447: 

3.9752939 

9482  3. 

9448 . 

3*9753399 

9483  3. 

9449  ; 

3.97538j8 

9.484  3* 

9450  : 

3.9754318 

9485  3. 

3.9754778 


3.9759829 
3.9760288 
3.9760747 
3.9761  »o6 


„  Num.f  Logarithm. 

>  948c 

>  3.977083I 

948/ 

3.9771289 

9488 

3*9771747 

5  948s 

3.9772204 

949C 

3*9772662 

9491 

3.9773120 

9492 

3*9773578 

9493 

3.9774035 

9494 

3.9774492 

9495 

3*9774950 

9496 

3-9775407 

1 9497 

3.9775864 

9498 

3.9776322 

9499 

3.9776779 

9500 

3.9777236 

9501 

3.9777693 

9502 

3-9778I5C 

9503 

3.9778607 

9504 

3.977906^ 

9505 

3.9779521 

\ 

9506 

3.9779978 

9507 

3.978O435 

9508 

3.978Q892 

9509 

3.978 1348J 

95io 

3.9781805  j 

9511 

3.9782262 

9512 

3.9782718 

9513 

3.9783175 

9514 

3.9783631 

9515 

3.9784088 

95 1 6 

34>784543 

9517 

5.9785001! 

95X8  : 

5.9785457I 

9519  ; 

5*9785913 1 

9520 

}.9786369f 

Miim.T Logarithm. 

Num. 

Logarithm. 

Num.f  Logarithm.  I 

N  um  .\  Logarithm. 

95 21 

9522 

9523 

9524 
95  25 

5.9786826 

5.9787282 

3*9787738 
3.9788194 
3.9788650  1 

9556  : 

9557  : 

9558 

9559 

9560 

3.9802761 

5.9803216 

3.9803670 

3.9804125 

3.9804579 

9591  : 

95  92 : 

9593  . 

9594 

9595 

J.9818639  l 
J.9819092  1 
3.9819544 
3.9819997 
3.9820450 

9626 

9627 

9628 

9629 

p6$0 

3.9«34459 

3*98349*0 

3.9835361 

3.9835812 

3.9836263 

9526 

9527 

9528 

9529 

9530 

9531 

9532 

9533 

9534 
95  3S 

9536 

9537 

9538 

9539 

9540 

3.97§9*06 

3.9789562 

3»979OOI7 

5.9790473 

5.9790929 

9561 

9562 

9563 

9564 
9>65 

3.9805033 
3.9805487 1 
3.9805942 1 
3.9806396 
3.9806850 

9596 

9597 

9598 

9599 

9600 

3.98*0902 

3.9821355 

3.9821807 

3.9822260 

3.9822712 

9631 

9032 

9633 

9634 

9635 

3.9836714 

3.9837165 

3.9837616 

3.9838066 

3.9838517 

3.979138s 

3.9791840 

3.9792296 

3.9792751 

3.9793207 

9566 

9567 

9568 

9569 

9570 

9571 

9572 

9573 

9574 

9575 

3.9807304 

3.9807758 

3.9808212 

3.9808666 

3.9809119 

9601 

9602 

9603 

9604 

9605 

9606 

9607 

9608 

9609 

9610 

3.9823165 

3.9823617 

3.9824069 

3.982452.2 

3.9824974 

9636 

9637 

9638 

9639 

9640 

|,  I 

9641 

9642 

9643 

9644 

9645 

3.9838968 

3-9^394*9 
3.983  98  69 
3.984O32O  ! 
3.984O77O 

3.9841  221 
3.9841671  * 
3.9842122 
3.9842572 
3,9843022 

3.979366a 

3.97941 18 
3.9794573 

3.9795028 

3.9795484 

3.9809573 

3.9810027 

3.9810481 

3.9810934 

3.981x388 

3.9825426 
3.9  825878 
3.9826330 
$.982,6782 
3.9827234 

3.9827686 

3.9828138 

3.9828589 

3.9829041 

3.9829493 

9646 

96+7 

9648 

9649 

9650 

3.9843473 

3.9843923 

3.9844373 

3.9844823. 

3.9845273 

9541 

9542 

9543 

9544 

9545 

9546 

9547 

9548 

9549 
955° 

3^9795939 
3*97  06394 
3.9796849 

3.9797304 

3.9797759 

9576 

9577 

9578 

9579 

9580 

3.9811841 
3.9822295, 
3.98127.48 
3.9813202 
3.9^13  655 

9611 
!  9612 

96 13 

9614 

9615 

5.9798214 

5.9798669 

5.9799124 

3*9799579 

3.9800034 

9581 

9582 

9583 

9584 

9585 

3.9814108 
.3.9814562 
3.9815015 
3.98 1 5468 
3.9815921 

9616 

9617 

9618 

9619 

9620 

9621 
;  9622 

9623 

9624 

9625 

3.9829945 

5.9830396, 

3.9830848 

3.9831299 

3.983x751 

.  9651 

9652 

9653 

9654 

9655 

3.9845723 

3.9846173 

3.9846623 

3.9847073 

3 9847523 

9551 
9  5  52 

9553 

9554 

9555 

3.9800488 

3.9800943 

7.9801398 

3.9B01852 

3,9802307 

9586 

9587 

9588 

9589 

9590 

3,9816374 

3.9816827 

3.9817280 

3-9BI773  3 
)  3.9818186 

..3.9832202 

3.9832654 

5.983  3 1 05 
3.9833556 
3.9834007 

9656 

9657 

9658 

9659 

9660 

3.9847973 

34)848422 

3.9848872 

3,9849312 

3  98497711 

I 


■N am .  [  Logarithm.  1 

Num.|  Logarithm. 

Num.  |  Logarithm 

Num. 

j  Logarithm. 

9661 

9662 

9663 

9664 

9665 

3.9850221 
3.9850670 
3.9851 120 
3.9851569 
3.9852019 

9  696 

9697 

9698 

9699 

9700 

5.9805926 

3.9866374 

3.9866822 

3.9867270 

3.9867717 

9731 

9732 
973  3 
9734 
973  5 

?.968l575 

3.9882021 

3.9882467 

'.9882913 

3.9883360 

9766 

9767 

9768 

9769 

9770 

3.989  7*67 
3.9897612 
3.9898056 
3.9898501 
3.9898946 

9  666 

9667 
’9 668 

9669 

9670 

3.9852468 

3.9852917 

3.9853366 

3.9853816 

3.9854265 

97°l 

9702 

9703 

9704 

9705 

3.9868l65 
".986861 3 
3.9869060 
3.9869508 
3.9869955 

9736 

9737 

9738 

9739 

9740 

3.9883806 

3.9384252 

3.9884698 

3.9885I44 

3.988J590 

977 1 

9772 

9773 

9774 

9775 

3-9899390 

3.9899835 

3.9900279 

3.9900723 

3.9901168 

9671 

9672 

9673 

9674 

9675 

3.98547  h 

3.9855163 

3.9855612 

3.9856061 

3.9856510 

9706 

97  °7 

9708 

9709 

9710 

3.987040? 

3.9870850 

3.9871298 

2*9871745 

3.9872192 

9741 

9742 

9743 

9744 

9745 

3.9886035 

3.988648l 

3.9886927 

5*98S7373 

3.9887818 

9776 

9777 

9778 

9779 

9780 

3.9901612 

3.9902056 

3.9902500 

3.9902944 

3.9903389 

9676 

9677 

9678 

9679 

9680 

1 - 

3.9856939 

3.9837407 

3.9857856 

3.9858305 

3.9858754 

97 1 1 

9712 

9713 
97H 
9715 

3.9872640 

3.9873087 

3.9873534 

3.9873981 

3.9874428 

9746 

9747 

9748 

9749 

9750 

9751 

9752 

9753 

9754 

9755 

3.9888264 

3.98887IO 

3.9889155 

3.9889601 

3.9890046 

9781 

9782 

9783 

9784 

9785 

3-9903833 

3.9904277 

3.9904721 

3.9905164 

2.9905608 

1 9681 
66  82 

9683 

9684 
9685 1 

3.985920  2 
3.985965L 
3.9860099 
3.9860548 

3  9860996 

'9716 

9717 

9718 

9719 

9720 

3.9874875 

3.9875322 

3.9875769 

3.9876216 

2,9876663 

5.9890492 
7.98909;  7 
3.9891382 
3.9891828 
3.989227; 

9786 

9787 

9788 

9789 

9790 

3.9906052 

3.9906496 

3.9906940 

3.9907383 

5.9907827 

9686 

96^7 

9688 

9689 

9690 

909  r 
(9692 
9693 
19694 
I9695! 

3  9861455 
3.986 1893 
3*9862341 
3.9862790 

3.9863  338 
- - 

9721 

9722 

9713 

9724 

9725 

9726 

9727 
-  9728 

9729 

9730 

3*9877109 

3.9877556 

3.9878003 

3.9878449 

2.9878896 

9756 

9757 

9758 

9759 

9760 

3.9892718 

3.989316; 

3.9893608 

7.9894053 

3.9894498 

9791 

9792 

9793 

9794 

9795 

3.9908270 

3.9908714 

3.9909158 

3.9909601 

2.9910044 

1 

3.9863686 

3.986413.4 

3.9864582 

3.9865030 

2.9865478 

7.9879343 
3.9879789 1 
3.9880236 
2.9880682 

3  9881128 

97  61 

9762 

9763 

9764 

9765 

3.9894943 
3.9895388 
3.989583  3 
?.9896278 
?.989 6722 

9796 

9797 

9798 

9799 

9800 

■# 

3.9910488 

3.9910931 

3.9911374 

3.991 1818 
3.0912261 

Num  l  Logarithm. 

Num. 

Logarithm, 

9836  ; 

9837  = 

9838  : 

9839  3 
9840 1: 

j.9928185 

[.9928627 

1.9929068 

1.9929510 

*.9929951 

960  i  : 

9802 

9803 

9804  i 
9805 . 

9806 

9807 

I9808 

9809 

9810 

1.9912704 

(.9913147 

*•99*3590 

I.9914033 

S.99*4476 

3.9914  9*9 
3-99 15362 
3.9915805 
3.9916247 

3.9916690 

9841  . 

9842  . 

9843 

9844 

9345 

?.993°392 

3.9930834 

3.9931275 

3.9931716 

3-9932*57 

9811 

9812 

9813 

9814 
9815' 

3-99 1 7 1 3  3 
3.99I7575 
3.9918018 
3.9918461 

3.9918903 

9846 

9847 

9848 

9849 

9850 

3.9932598 
3.993  3039 

3.993  3480 

3.9933921 

3.9934362 

9816 

98*7 

9818 

9819 

9820 

3  99*9345 
3.9919788 

3.9920230 

3.9920673 

3.99** 1  *5 

9851 

9852 

9853 

9854 

9855 

5.9934803 

3.9935244 

5.9935685 

?.9936l26 

5.9936566 

9821 

9822 

9823 

9824 

9825 

?«992ISS7 
5,992 1999 
3.9922441 
3.9921884 
^.992.3  326 

9856 

9857 

9858 

9859 

9860 

9861 

9862 
9863 

;  9864 
9865 

3.9937007 

?.9937448 

3.9937888 

3.9938329 

3.9938769 

9826 

9827 

9828 

9829 
983c 

9831 

983: 

983. 

983- 

983 

3.9923768 

3.9924210 

'3.992465* 
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